4 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
31 January 2002 (31.01.2002) 




PCT 



(10) international Publication Number 

WO 02/07725 Al 



(51) International Patent Classification^: A61K 31/425 



(21) International Application Number: PCT/USO 1/222 14 



(22) International Filing Date: 13 July 2001 (13.07.2001) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(30) Priority Data: 

60/218,273 
60/259,431 
60/259,242 
60/296,435 



13 July 2000 (13.07.2000) US 

29 December 2000 (29. 1 2.2000) US 

2 January 2001 (02.01.2001) US 

6 June 2001 (06.06.2001) US 



(71) Applicant: ALTEON, INC. [USAJS]; 170 Williams 
Drive, Ramsey, NJ 07446 (US). 

(72) Inventors: EGAN, Jack; 169 E. 69th Apt. 6D, New 
York, NY 10021 (US). WAGLE, Dilip; Jeanne Marie Gar- 
dens, Apt. 7L, James Drive, Nanuet, NY 10954 (US). 
VASAN, Sarah; 150 E. 30th Apt. 2E, New York, NY 
10016 (US). GALL, Martin; 21 KnoIIwood Drive, Mor- 
ristown, NJ 07960 (US). 



(74) Agent: JACKSON, Arthur, E.; Dechert, P.O. Box 5218, 
Princeton, NJ 08543 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ. CA. CH, CN, CO, CR, CU, 
CZ, DE, DK. DM, DZ. EC, EE, ES, H. GB, GD, GE, GH, 
GM, HR, HU, ID, IL. IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, Tl, UG, ZW), Eurasian 
patent (AM, AZ, BY. KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, PR, GB, GR, IE. 
IT, LU, MC. NL, PT. SE. TR), OAPI patent (BF, BJ, CF. 
CG. CI. CM. GA, GN. GW, ML, MR. NE, SN. TD. TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
filng of each regular issue of the PCT Gazette, 



^ (54) Title: METHOD FOR TREAIING FIBROTIC D1SEASFJ5 OR OTHER INDICATIONS IC 




0) 



(57) Abstract: Pro\ided among other things is a method of treating or ameliorat- 
ing or preventing an indication of the invention in an animal, including a human 
comprising administering an effective amount of a compound of the formula (I). 



wo 02/07725 PCT/USO 1/222 14 

-1- 

METHOD FOR TREATING FIBROTIC DISEASES OR OTHER INDICATIONS 

IC 

5 This application claims the priority of Serial No. 60/21 8,273, filed 1 3-Jul-2000, 

Serial No. 60/296,435, filed 6-Jun-2001, Serial No. 60/259^42, filed 2-Jan-2001, and 
Serial No. 60/259,43 1, filed 29-Dec-2000. 

The present invention relates to methods for treating certain fibrotic diseases or 
other indications. 

1 0 Glucose and other sugars react with proteins by a non-enzymatic, post- 

translational modification process called non-enzymatic glycosylation. At least a portion 
of the resulting sugar-derived adducts, called advanced glycosylation end products 
(AGEs), mature to a molecular species that is very reactive, and can readily bind to 
amino groups on adjacent proteins, resulting in the formation of AGE cross-links 

1 5 between proteins. Recently a number of classes of compounds have been identified 

whose niembers inhibit the formation of the cross-links, or in some cases break the cross- 
links. These compounds include, for example, the thiazolium compounds described in 
US Patent No. 5,853,703. As AGEs, and particularly the resulting cross-links, are linked 
to several degradations in body fimction linked with diabetes or age, these compounds 

20 have been used, with success, in animal models for such indications. These indications 
include loss of elasticity in blood vasculature, loss of kidney fimction and retinopathy. 

Now, as part of studies on these compounds, it has been identified that these 
compounds inhibit the formation of bioactive agents, such as growth factors and 
inflammatory mediators, that are associated with a number of indications. These agents 

25 include vascular endothelial growth factor (VEGF) and TGF[beta]. As a result, a 

number of new indications have been identified for treatment with agents that inhibit the 
formation of, or more preferably break, AGE-mediated cross-links. It is not 
unreasonable to infer that the effects seen are due to the removal of AGE-related 
molecules that provide a stimulus for the production or release of these growth factors. 

30 Removal of such molecules is believed to proceed in part due to the elimination of AGE- 
related cross-links that lock the AGE-modified proteins in place. Moreover, such 
compounds also reduce the e>q)ression of collagen in conditions associated with excess 
collagen production. Regardless of the mechanism, now provided are new methods of 
treating a number of indications. 
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Summary of the Invention 

In one embodiment, the invention relates to a method of treating or ameliorating 
or preventing an indication of the invention in an animal, including a hxunan comprising 
5 administering an effective amount of a compound of the formula I: 




(I) 

wherein the substituent groups are defined below. The invention also relates to 
compounds of formula L 
10 The compounds used in the methods described here are first agents, which are 

those described with reference to formula I, or second agents, which are aminoguanidine 
or those compounds described with reference to formula 1. The second agents can be 
used as an adjunct to treatment with a first agent, or as the primary effective agent where 
noted. 

15 Second agents are aminoguanidine or a compound of the aminoguanidine class of 

formula A 

R3 Rj 



H2N — N PI N — R 

NRo 



wherem R is an alkyl group, or a group of the formula -N(R'*)(R^) wherein R"* is 
hydrogen, and R^ is an alkyl group or a hydroxyalkyl group; or R'* and R^ together with 
20 the nitrogen atom are a heterocyclic group containing 4-6 carbon atoms and, in addition 
to the nitrogen atom, 0-1 oxygen, nitrogen or sulfur atoms; R* is hydrogen or an amino 
group; R^ is hydrogen or an amino group; R^ is hydrogen or an alkyl group, wherein R 
and R^ cannot both be amino groups. Preferably at least one of R\ R^ and R^ is other 
than hydrogen. The compounds can be used as their pharmaceutically acceptable acid 



wo 02/07725 PCTAJSOl/22214 

addition salts, and ndxtures of such compounds. When aminoguanidine compounds are 
administered, they can be administered by any route of phannaceutical administration 
including those discussed below for other first agents. 

5 

Detailed Description of the Invention 

Provided is a method of treating or ameliorating an indication of the invention in 
an animal, including a human, comprising administering an effective amoimt of (A) a 
compound of the formula I: 




wherein 
a. and are 

1. independently selected from hydrogen, acylamino, acyloxyalkyl, alkanoyl, 
alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, 
alkylamino, (CrC3)alkylenedioxy, allyl, amino, ©-alkylenesulfonic acid, 
carbamoyl, carboxy, carboxyalkyl, cycloalkyl, dialkylamino, halo, hydroxy, (C2- 
C6)hydroxyalkyl, mercapto, nitro, sulfamoyl, sulfonic acid, alkylsulfonyl, 
alkylsulfinyl, aUcylthio, trifluoromethyl, azetidin-l-yl, morpholin-4-yl, 
thiomorpholm-4-yl, piperidin-l-yl, 4-[C6 or Cio]arylpiperidin-l-yl, 4-[C6 or 
Cio]arylpiperazin-l-yl, Ar {wherein, consistent with the rules of aromaticity, Ar 
is Ce or Cio aryl or a 5- or 6-membered heteroaryl ring, wherein 6-membered 
heteroaryl ring contains one to three atoms of N, and the 5-membered heteroaryl 
ring contains from one to three atoms of N or one atom of O or S and zero to two 
atoms of N, each heteroaryl ring can be fiised to a benzene, pyridine, pyrimidine, 
pyridazine, pyrazine, or (l,2,3)triazine (wherein the ring fusion is at a carbon- 
carbon double bond of Ar)}, Ar-alkyl, Ar-0, ArSOi-, ArSO-, ArS-, ArS02NH-, 
ArNH, (N-Ar)(N-alkyl)N-, ArC(0)-, AxC(0)NH-, ArNH-C(0)-, and (N-ArXN- 
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alkyl)N-C(O)-, or together Ri and R2 comprise methylenedioxy [in one 
embodiment, independently selected jfrom hydrogen, acylamino, acyloxyalkyl, 
alkanoyl, alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, 
alkyl, (Ci-C3)alkylenedioxy, allyl, co-alkylenesulfonic acid, carbamoyl, carboxy, 

5 carboxyalkyl, cycloalkyl, halo, hydroxy, (C2-C6)hydroxyalkyl, mercapto, nitro, 

sulfamoyl, svdfonic acid, alkylsulfonyl, alkylsulfinyl, alkylthio, trifluoromethyl. 
At {wherein, consistent with the rules of aromaticity, Ar is or Cio aryl or a 5- 
or 6-membered heteroaryl ring, wherein 6-membered heteroaryl ring contains one 
to three atoms of N, and the 5-membered heteroaryl ring contains from one to 

10 three atoms of N or one atom of O or S and zero to two atoms of N, each 

heteroaryl ring can be fused to a benzene, pyrimidine, pyridazine, pyrazine, or 
(l,2,3)triazine (wherein the ring fusion is at a carbon-carbon double bond of 
Ar)}, Ar-alkyl, Ar-0, ArS02-, ArSO-, ArS-, ArSOiNH-, ArNH, (N-Ar)(N- 
aIkyl)N-, ArC(O)-, ArC(0)NH., ArNH-C(O)-, and (N-Ar)(N-alkyl)N-C(0)-]; or 

15 2. together with their ring carbons form a Ce- or Cio- aromatic fused ring system; or 
3. together with their ring carbons form a C5-C7 fused cycloalkyl ring having up to 
two double bonds including the fused double bond of the -olium or -onium 
containing ring, which cycloalkyl ring can be substituted by one or more of the 
group consisting of alkyl, alkoxycarbonyl, amino, aminocarbonyl, carboxy, 

20 fluoro, or 0x0 substituents [in one embodiment, together with their ring carbons 

form a C5-C7 fused cycloalkyl ring having up to two double bonds including the 
fused double bond of the -olium or -onium containing ring, which cycloalkyl 
ring can be substituted by one or more of the group consisting of alkyl, 
alkoxycarbonyl, aminocarbonyl, carboxy, fluoro, or 0x0 substituents]; or 

25 4. together with their ring carbons form a 5- or 6-membered heteroaryl ring, wherein 
the 6-membered heteroaryl ring contains one to three atoms of N, and the 5- 
membered heteroaryl ring contains from one to three atoms of N or one atom of 
O or S and zero to two atoms of N, each heteroaryl ring may be optionally 
substituted with one or more 1-pyrrolidinyl-, 4-[C6 or Ciojarylpiperazin-l-yl, 

30 4-[C6 or Cio]aryIpiperidin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4- 

yl, piperidin-l-yl, halo or (Ci-C3)alkylenedioxy groups [in one embodiment, 
together with their ring carbons form a 5- or 6-membered heteroaryl ring. 
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wherein the 6-meinbered heteroaiyl ring contains one to three atoms of N, and 
the 5-membered heteroaryl ring cx)ntains from one to three atoms of N or one 
atom of O or S and zero to two atoms of N, each heteroaiyl ring may be 
optionally substituted with one or more halo or (Ci-C3)alkylenedioxy groups]; or 
5. together with their ring carbons form a five to eight raembered heterocycle, 

wherein the heterocycle consists of ring atoms selected from the group consisting 
of carbon, nitrogen, and S(0)n, where n=0,l, or 2; 

Zis 

1. hydrogen, alkyl, Ar — CH2; 

2. a group of the formula -NR^R"*, wherein and R"* may be independently 

hydrogen, alkyl. Ax, or Ar — alkyl-; 

3. a group of the formula -CH(0R")R^^, wherein R*^ is hydrogen, methyl, ethyl or 

CH3C(0)-; and R^^ is [Ci to Cejalkyl, Ar, or C02R'^ wherein R^^ is hydrogen 
methyl or ethyl; 

4. a group of the formula -C(C02R^^)(0R**)R'^ 

5. a group of the formula -CHaWAr, wherein W is -(C=0)- or -S(0)n- where n=l or 

2; or 

6. a group of the formula -CHaCsC-R^'*, wherem R^"* is (Ci-C6)alkyl; 
Yis 

1. amino, or 

2. a group of the formula -CH(R^)-R* wherem 

(a) R^ is hydrogen, alkyl-, cycloalkyl-, alkenyl-, alkynyl-, aminoalkyl-, 
dialkylaminoalkyi-, (N-[Ce or Cio]aiyI)(N-alkyl)aniinoalkyl-, piperidin-1- 
ylalkyl-, 1-pyrrolidinylalkyl, azetidmylalkyl, 4-alkylpiperazin-l--ylalkyl, 4- 
alkylpiperidin-l-ylalkyl, 4-[C6 or Cio]arylpipera2dn-l -ylalkyl, 4-[C6 or 
Cio]arylpiperidin-l-ylalkyl, azetidin-1 -ylalkyl, morpholin-4-ylalkyl, 
thiomorpholin-4-ylalkyl, piperidin-1 -ylalkyl, [Cs or Ciojaryl, or 
independently the same as R^ [in one embodiment, hydrogen or alkyl] ; 

(b) R^ is 

(1) hydrogen, alkyl (which can be substituted by alkoxycarbonyl), alkenyl, 
alkynyl, cyano- or Rs, wherein Rs is a or Cio aryl or a heterocycle 
containing 4-1 0 ring atoms of which 1-3 are heteroatoms selected from 
the group consisting of oxygen, nitrogen and suifrir; or 
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(2) a group of the formula -W-R^, wherein is alkyl, alkoxy, hydroxy or 
Rs, wherein W is -C(=0)- or -S(0)n- where n=l or 2; 

(3) a group of the formula -W-OR^ wherein R^ is hydrogen or alkyl, 

(4) a group of the fonnula -CH(OH)Rs; or 

5 (5) a group of the formula -W-N(R^R^^ wherein 

[a] is hydrogen and R^^ is an alkyl or cycloalkyl, optionally substituted 

by 

(i) [C6 or Cio]aryl, or 

(ii) a 5- or 6-membered heteroaryl ring, wherein the 6-membered 
10 heteroaryl ring contains one to three atoms of N, and the 5- 

membered heteroaryl ring contains from one to three atoms of N 
or one atom of O or S and zero to two atoms of N, said heteroaryl 
ring can be optionally substituted with one or more l-pyrrolidinyl, 
4-[C6 or Cio]arylpiperazin-l-yl, 4-[C6 or Cio]arylpiperidin-l-yl, 

1 5 azetidin- 1 -yl, and morpholin-4-yl, thiomorpholin-4-yl, piperidin- 

1-yl, halo or (Ci-C3)alkylenedioxy groups, or fused to a 
substituted phenyl or pyridine ring, wherein the ring fusion is at a 
carbon-carbon double bond of the heteroaryl ring (in one 
embodiment, a 5- or 6-membered heteroaryl ring, wherein the 6- 

20 membered heteroaryl ring contains one to three atoms of N, and 

the 5-membered heteroaryl ring contains from one to three atoms 
of N or one atom of O or S and zero to two atoms of N, said 
heteroaryl ring can be optionally substituted with one or more halo 
or (Ci-C3)alkylenedioxy groups, or ftised to a substituted phenyl], 

25 or 

(iii) a heterocycle containing 4-10 ring atoms of which 1-3 are 
heteroatoms selected from the group consisting of oxygen, 
nitrogen and sulfur; or 

[b] R^ is hydrogen or lower alkyl and R^^ is Ar; or 

30 [c] R^ is hydrogen or lower alkyl, and R'® is a heterocycle containing 4-1 0 

ring atoms of which 1-3 are heteroatoms are selected from the group 
consisting of oxygen, mtrogen and sulfur, said heterocycle; or 
[d] R^ and R^*' are both alkyl groups; or 
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[e] and R*^ togetha: with N form a heterocycle containing 4-10 ring 
atoms which can incorporate up to one additional heteroatom selected 
from the group of N, O or S in the ring, wherein the heterocycle is 
optionally substituted with (C6-or Cio)aryl, (C6-or Cio)arylalkyl, or a 

5 5- or 6-membered heteroaryl ring, wherein the 6-membered heteroaryl 

ring contains one to three atoms of N, and the 5-membered heteroaryl 
ring contains from one to three atoms of N or one atom of O or S and 
zero to two atoms of N, each such heteroaryl can be optionally 
substituted with one or more 1-pyrrolidinyl, 4-[C6 or 

10 Cio]arylpipera2in-l-yl, 4-[C6 or Cio]arylpiperidin-l-yl, azetidin-l-yl, 

morpholin-4-yl, thiomorpholin-4-yl, piperidin-l-yl, halo or (Ci- 
C3)alkylenedioxy [in one embodiment, R^ and R^° together with N 
form a heterocycle containing 4-10 ring atoms which can incorporate 
up to one additional heteroatom selected from the group of N, O or S 

15 in the ring, wherein the heterocycle is optionally substituted with (Ce- 

or Cio)aryl, (Ce-or Cio)arylalkyl, or a 5- or 6-membered heteroaryl 
ring, wherein llie 6-membered heteroaryl ring contains one to three 
atoms of N, and the 5-membered heteroaryl ring contains from one to 
three atoms of N or one atom of O or S and zero to two atoms of N, 

20 each such heteroaryl can be optionally substituted with one or more 

halo or (Ci-C3)alkylenedioxy]; or 

[f] R^ and R^° are both hydrogen; or 

d. QisN,OorS; 

e. M is absent when Q is O or S; 

25 1 M is alkyl, vinyl or allyl, or independentiy the same as Y; and 
g. X is a pharmaceutically acceptable anion, or 
(B) a pharmaceutically acceptable salt of the compoimd, 

wherein aryl or Ar can be substituted with, in addition to any substitutions specifically 
noted, one or more substituents selected from the group consisting of acylamino, 
30 acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, all^oxycarbonyl, 

alkoxycarbonylalkyl, alkyl, alkylamino, (Ci-C3)alkylenedioxy, alkylsulfonyl, 
alkylsulfinyl, co-aUqrlenesxiLfonic acid, alkylthio, allyl, amino, ArC(O)-, 
ArC(0)NH-, ArO-, Ar-, Ar-alkyl-, carboxy, carboxyalkyl, cycloalkyl, 
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dialkylamino, halo, trifluoromethyl, hydroxy, (C2-C6)hydroxyalkyl, mercapto, 
nitro, sulfamoyl, sulfonic acid, l-pyrrolidinyl, 4-[C6 or Ciojarylpiperazin-l-yl-, 4- 
[Cg or Cio]arylpiperidin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4-yl, 
piperidin-l-yl. [in one embodiment, aryl or Ar can be substituted with, in addition 
5 to any substitutions specifically noted, one or more substituents selected from the 

group consisting of acylamino, acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, 
alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, (Ci-C3)alkylenedioxy, 
alkylsulfonyl, alkylsulfinyl, co-alkylenesulfonic acid, alkylthio, allyl, ArC(0)-, 
ArC(0)NH-, ArO-, Ar-, Ar-alkyl-, carboxy, carboxyalkyl, cycloalkyl, halo, 
1 0 trifluoromethyl, hydroxy, (C2-C6)hydroxyalkyl, mercapto, nitro, sulfamoyl, 

sulfonic acid]; and 

wherein heterocycles, except those of Ar, can be substituted with, in addition to any 
substitutions specifically noted, acylamino, alkanoyl, alkoxy, alkoxycarbonyl, 
alkoxycarbonylalkyl, alkyl, alkylamino, alkylsulfonyl, alkylsulfinyl, alkylthio, 

1 5 amino, ArC(0)-, ArO-, Ar-, carboxy, dialkylamino, fluoro, fluoroalkyl, 

difluoroalkyl, hydroxy, mercapto, sulfamoyl, or trifluoromethyl [in one 
embodiment, heterocycles, except those of Ar, can be substituted with, in 
addition to any substitutions specifically noted, acylamino, alkanoyl, alkoxy, 
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylsulfonyl, alkylsulfinyl, 

20 alkylthio, ArC(O)-, ArO-, Ar-, carboxy, fluoro, fluoroalkyl, difluoroalkyl, 

hydroxy, mercapto, sulfamoyl, or trifluoromethyl]. 

In one embodiment, the compound of formula I, is that wherein Y is according to 
formula -CH(R^)R^. In another embodiment, the compound of formula I, is that of 

25 formula I, wherein Y is according to formula -CH(R^)-W-R^. In another embodiment, 
the compound of formula I, is that of formula I, wherein Y is according to formula 
-CH(R^)-W-Rs. In another embodiment, the compound of formula I, is that of formula I, 
wherein R^ and R^ together with their ring carbons form a Ce- or Cio- aromatic fiised ring 
which can be substituted by one or more halo, ammo, alkyl, sulfonic acid, alkylsulfonyl 

30 or co-alkylenesulfonic acid groups, or a C1-C3 alkylenedioxy group with the proviso that 
when Q is nitrogen R^ and R^ do not form a Ce fiised aromatic ring. In another 
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embodiment, the compound of foimxila I, is that of the compound of formula I, wherein 
Q is S , and Y and Z are both -NH2. 

Certain Fibrotic Diseases 
5 Among the indications that can be treated with the invention are a number of 

indications linked to or associated with the formation of excess collagen. Among these, 
a number of the indications can be termed fibrotic diseases. 

Such fibrotic diseases include systemic sclerosis, mixed comiective tissue 
disease, fibrodysplasia, fibrocystic disease, sarcoidosis, myositis (e.g. polymyositis, 

10 primary idiopathic polymyositis, childhood polymyositis, dermatomyositis, childhood 
dermatomyositis, primary idiopathic dermatomyositis in adults, inclixsion body myositis, 
polymyositis or dermatomyositis associated with malignant tumors). Dermatomyositis 
can be associated with fibrosing or hypertrophic aspects, including fibrosing alveolitis 
and pulmonary fibrosis. Treatment using the invention is expected to treat, prevent, 

1 5 reduce or ameliorate such diseases or hypertrophy, fibrotic hypertrophy or fibrosis in 
such diseases. Amelioration includes redticing the rate of progression of a disease. 

Among these fibrotic diseases are diseases that have as a manifestation fibrotic 
vascular intimal hypertrophy. These diseases include vasculitis (including coronary 
artery vasculitis), polyarteritis nodosa or temporal arteritis. Treatment using the 

20 invention is expected to treat, prevent, reduce or ameliorate vascular intimal hypertrophy 
in such diseases. 

These fibrotic diseases fiirther include diseases that have as a manifestation 
fibrotic hypertrophy of skin and/or muscle tissue. These diseases include scleroderma, 
eosinophilic fasciitis, discoid lesions associated with lupus or discoid lupus or surgical 
25 adhesions. Treatment using the invention is expected to treat, prevent, reduce or 
ameliorate such indications or hypertrophy or fibrosis of skin or muscle tissue. 

Such fibrotic diseases fiirther include diseases that have as a manifestation 
fibrotic hypertrophy of nerve tissue. These diseases include cerebrosclerosis, amiular 
sclerosis, difiuse sclerosis and lobar sclerosis. Treatment using the invention is expected 
30 to treat, prevent, reduce or ameliorate such diseases, or hypertrophy, fibrotic hypertrophy 
or fibrosis of nerve tissue in such diseases. 

These fibrotic diseases fiirther include fibrotic lung diseases that have as a 
manifestation fibrotic hypertrophy or fibrosis of lung tissue. These diseases include 
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pulmonary fibrosis (or interstitial lung disease or interstitial pulmonary fibrosis), 
idiopathic pulmonary fibrosis, the fibrotic element of pneumoconiosis (which is 
associated with exposure to environmental hazards such as smoking, asbestos, cotton 
lint, stone dust, mine dust and other particles), pulmonary sarcoidosis, fibrosing 
5 alveolitis, the fibrotic or hypertrophic element of cystic fibrosis, chronic obstructive 
pulmonary disease, adult respiratory distress syndrome and emphysema. Treatment 
using the invention is expected to treat, prevent, reduce or ameliorate such diseases, or 
hypertrophy, fibrotic hypertrophy or fibrosis in such diseases. 

Such fibrotic diseases fiirther include diseases that have as a manifestation 
10 fibrotic hypertrophy or fibrosis of prostate, liver, the pleura (e.g., pleurisy, pleural 
fibrosis) or pancreas. These diseases include benign prostatic hypertrophy (BPH) and 
fibrosis of the liver. Treatment using the invention is expected to treat, prevent, reduce 
or ameliorate such diseases, or hypertrophy, fibrotic hypertrophy or fibrosis in such 
diseases. 

1 5 These fibrotic diseases fiirther include diseases that have as a manifestation 

fibrotic hypertrophy or fibrosis of the bowel wall, such as inflammatory bowel disease, 
including Crohn's disease. Treatment using the invention is expected to treat, prevent, 
reduce or ameliorate such diseases, or hypertrophy, fibrotic hypertrophy or fibrosis in 
such diseases. 

20 

Arteriosclerosis, Atherosclerosis, Stiff Vessel Disease, Peripheral Vascular Disease^ 
Coronary Heart Disease. Stroke, Myocardial Infarct Cardiomyopathies. Restenosis 

Arteriosclerosis is a disease marked by thickening, hardening, and loss of 

elasticity in arterial walls, of which atherosclerosis is a sub-type. Arteriosclerosis in turn 

25 falls within the genus of stiff vessel diseases. Without limitation to theory, it is believed 
that damage to the blood vessels of these diseases is due to AGE-caused damage, either 
through protein cross-linking or the stimulation of bioactive agents, or both. 
Accordingly, the first agents are used to treat, prevent, reduce or ameliorate stiff vessel 
disease, including arteriosclerosis and athersclerosis. Peripheral vascular disease is an 

30 indication that overlaps with atherosclerosis but also covers disease which is believed to 
have a stronger inflammatory component. First agents are used to treat, prevent, reduce 
or ameliorate peripheral vascular disease. Coronary heart disease is a form of 
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atherosclerosis of the coronary arteries. First agents are used to treat, prevent, reduce or 
anoieliorate coronary heart disease. 

When the heart pumps blood into the vascular system, the ability of the arteries to 
expand helps to push blood through the body. When arteries become stiff, as they do in 
5 the natural process of aging, the ability of the arteries to expand is diminished and also 
has consequences for the heart. The heart has to work harder to pump the blood into the 
stiff arteries, and eventually hypertrophies (enlarges in size) to accomplish this. A 
hypertrophied heart is an inefficient pump, and is one of the disorders that leads to 
congestive heart failure. One compound believed to work by a mechanism shared by the 

10 compounds of the invention, 3-[2-phenyl-2-oxoethyl]-4,5-dimethyl-thiazolium salt, 
showed an ability to reverse the stiffness of arteries in a Phase Ila clinical trial, as 
measured by the ratio of stroke volume (ml) to pulse pressure (mm Hg). The potential 
clinical benefit of this is to lessen the effort that the heart must expend to push blood 
throughout the body. Tlie effect is also believed to contribute to preventing hypertrophy 

15 and subsequent inefficiency of the heart, which inefficiency would contibute to 
congestive heart failure. 

Stroke is a. cardiovascular disease that occurs when blood vessels supplying blood 
(oxygen and nutrients) to the brain burst or are obstructed by a blood clot or other 
particle. Nerve cells in the affected area of the brain die within minutes of oxygen 

20 deprivation and loss of nerve cell function is followed by loss of corresponding bodily 
function. Of the four main types of stroke, two are caused by blood clots or other 
particles. The former two are the most common forms of stroke, accounting for about 
70-80 percent of all strokes. 

Blood clots usually form in arteries damaged by atherosclerosis. When plaque 

25 tears fi"om the sheer forces of blood flowing over an imeven, rigid cap atop the plaque 
site, thrombotic processes become involved at the "injiuy" site. As a result, clots can 
form. First agents are used to prevent, reduce or amehorate the risk of stroke in patients 
who have suffered previous strokes or have otherwise been identified as at risk. 

First agents can also be used to treat, prevent, reduce or ameliorate peripheral 

30 vascular disease and periarticular rigidity. 

Treatment with the first agents during the relatively immediate aftermath of a 
heart attack can be used to reduce the size of the myocardial infarct resulting from the 
heart attack. This treatment is preferably administered within six hours of the heart 



I 
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attack, more preferably, within three hours. While the dosages discussed below can be 
used with this indication, such as a dose of 0.01 - 4.0 mg/kg administered orally or 0.01 - 
2.0 mg/kg administered intravenously, preferably within the time period outlined above. 
Preferred routes of administration include i.v. injection or i.v. drip. Thereafter, optional 
5 supplemental administrations can be made v^th the dosages described below. 

Atherosclerosis is a disease that involves deposition of blood lipids in plaque in 
tlie arteries throughout the body. In coronary arteries, accumulation of plaque 
progiessively leads to reduced coronary flow, with occlusion of the arteries causing 
focal death of cardiac tissue (myocardial infarction, heart attack). If the amount of tissue 

1 0 that dies is large enough, death ensures. In a Phase Ila trial, one compound believed to 
work by a mechanism shared by the compounds of the invention, 3-[2-phenyl-2- 
oxoethyl]-4,5-dimethyI-thiazoIium salt, increased the amount of cu'culating triglycerides 
(lipids). Consistent v^th the known presence of AGEs in plaque, the result indicates that 
the agent had a lipid mobilizing effect on arterial plaque. Reducing local deposits of 

1 5 plaque should eventually lessen the risk of myocardial infarction and death due to heart 
attacks. 

Fibrotic diseases further include diseases that have as a manifestation fibrotic 
hypertrophy of the heart. These diseases include endomyocardial fibrosis (wherein 
endocardium and subendocardium are fibrosed, such as in some manifestations of 

20 restrictive cardiomyopathy), dilated congestive cardiomyopathy (a disorder of 
myocardial function with heart failure in which ventricular dilation and systolic 
dysfunction predominate), hypertrophic cardiomyopathy (characterized by marked 
ventricular hypertrophy v/ith diastolic dysfunction in the absence of an afterload 
demand), and other cardio-hypertrophies. In dilated congestive cardiomyopathy, 

25 typically at presentation there is chronic myocardial fibrosis with diffuse loss of 
myocytes. In hypertrophic cardiomyopathy, usually the interventricular septum is 
hypertrophied more than the left ventricular posterior wall (asymmetric septal 
hypertrophy). Treatment using the invention is expected to treat, prevent, reduce or 
ameliorate such diseases, or hypertrophy, fibrotic hypertrophy or fibrosis in such 

30 diseases. 

Hypertrophies of the heart can be diagnosed and monitored by methods known in 
the art, such as by electrocardiogram, echocardiography or magnetic resonance imaging. 
Such diagnostic methods can be applied in particular for subjects having a risk factor for 
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such hypertrophy, such as congestive heart failure, prior cardiac surgery or diabetes. la 
one aspect, the invention comprises identifying cardio-hypertrophy with using 
biophysical diagnostic tools, and administering an active agent of the invention to treat, 
prevent, reduce or ameliorate such diseases, or hypertrophy, fibrotic hypertrophy or 
5 fibrosis in such diseases. The invention can fijrther include monitoring cardio- 
hypertrophy during the course of treatment with active agent. 

Erosion or tearing of arterial wall plaque can occur due to the rough and irregular 
shape of the plaque as it forms from deposition of lipids and invasion of cells such as 
monocytes and macrophages (foam cells). When erosion occurs platelets and other 

10 components of the blood clotting system are activated, resulting in formation of a clot 
(thrombus). Wheii the thrombus grows to such as state that blood flow is reduced, severe 
angina attacks that characterize unstable angina can occur. Plaque forms irregular shapes 
and in doing so creates shear stresses from the flow of blood over this irregular form. It 
is the irregidarity of plaque shape that leads to the dislodging or tearing of the plaque, 

1 5 and to the subsequent invasion of reactive cells. On the surface of plaque is collagen, * 
which is believed to contribute to the rigidity of the irregular shape. Without limitation 
to theory, it is believed that reducing the crosslinking of such a rigid collagen cap results 
in smoother blood flow, with a reduced risk of angina-causing tears. Accordingly, first 
agents are used to treat, prevent, reduce or ameliorate unstable angina. 

20 Faithful conduction of the electrical impulse fix>m the sinoatrial to the 

atrioventricular nodes depends upon close apposition of myocardial cells. Excess 
production of collagen in the heart, which occurs naturally with aging but more so in 
diabetes and in conditions of heart disorders such as hypertension, causes an increase in 
the distance between myocardial cells, leading to atrial fibrillation. First agents are used 

25 to treat, prevent, reduce or ameliorate atrial fibrillation. 

The fibrotic indications fiirther include restenosis, which is the process of 
increasing artery closure following an operation to open the artery, such as balloon 
angioplasty. 



30 Bladder Elasticity 

Indications that can be treated, prevented, reduced or ameliorated with the first 
agents include loss of bladder elasticity. Bladder elasticity is tied to the frequency of 
urination, and the urgency of desire to urinate. Accordingly, the invention can be used to 
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treat, prevent, reduce or ameliorate non-obstructive uropathy, a disorder characterized by 
an overactive bladder that entails increased frequency of urination, a strong and sudden 
desire to urinate (urgency) which may also be associated with involuntary urinary 
leakage (urge incontinence). 

5 

Macular Defeneration 

The effect of the first agents in reducing levels of other endogenous bioactive 
agents, particularly VEGF and/or TGF[beta], is believed to underlie effectiveness against 
macular degeneration or macular edema. Again, however, the invention is not limited to 

10 theory. Moreover, a anti-fibrotic effect or another effect against tissue hypertrophy may 
contribute. Treatment using the invention is expected to treat, prevent, reduce or 
ameliorate macular degeneration or macular edema. In one aspect of the invention, the 
treatment is used to treat, prevent, reduce or ameliorate the wet form of macular 
degeneration. In the wet form, new blood vessel growth has a greater contribution to the 

IS disease. 

Amyotrophic lateral sclerosis (ALS) 

ALS is associated with degradations of the motor neuron system and/or the 
posterior column of the spinal cord. In ALS patients, these structures tend to stain with 
20 AGE-reactive antibodies. Treatment using the invention is expected to treat, prevent, 
reduce or ameliorate ALS. 

Rheumatoid Arthritis. Osteoarthritis^ Bone Resorption 

It is believed, without limitation to such theory, that reducing AGE accumulation 

25 at the joints affected by rheumatoid arthritis or osteoarthritis reduces stimulation of the 
production of cytokines involved in inflammatory processes of the disease. Treatment 
using the invention is expected to treat, prevent, reduce or ameliorate rheumatoid arthritis 
or osteoarthritis. Similarly, it is believed that reducing AGE accumulation at bone 
reduces stimulation of bone resorption. Accordingly, the invention is used to treat, 

30 prevent, reduce or ameliorate osteorporosis, bone loss or brittle bone. 
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Dialysis 

The first agents can be administered as part of a dialysis exchange fluid, thereby 
preventing, limiting or ameliorating the damage to tissue caused by the sugars found in 
such exchange fluid. For example, first agents are expected to prevent, limit or 
5 ameliorate the stiffening and sclerosing of peritoneal tissue that occurs in peritoneal 
dialysis, as well as prevent, limit or ameliorate the formation of new blood vessels in the 
peritoneal membrane. In hemodialysis, frrst agents are expected to prevent, limit or 
ameliorate the stiflFening and sclerosing of red blood cells and vasculature resulting fi-om 
exposure to the sugars exchanged into the blood during dialysis. Exchange fluids for 

10 peritoneal dialysis typically contain 10 - 45 g/L of reducing sugar, typically 25 g/L, 
which causes the formation of AGEs and consequent stiffening and degradation of 
peritoneal tissue. Similarly, hemodialysis fluids typically contain up to about 2.7 g/L of 
reducing sugar, typically 1 to 1 .8 g/L. Thus, the invention provides methods by which 
the first agents are provided in these fluids and thereby prevent, limit or ameliorate the 

15 damage that would otherwise result. Alternatively, the invention provides methods 
whereby the first agents are administered by the methods described below to prevent, 
limit or ameliorate such damage firom dialysis. In hemodialysis, the exchange fluid 
preferably contains 0.006 - 2.3 mg/L of an agent of the invention, more preferably, 0.06 
to 1 .0 mg/L. In peritoneal dialysis, the exchange fluid preferably contains 0.01 to 24 

20 mg/L of an agent of the invention, or preferably, 1.0 to 10 mg/L. 

In one embodiment, preventing or ameliorating is effected with a second agent 
A preferred route of administration is inclusion in the dialysis fluids. In hemodialysis, the 
exchange fluid preferably contains 0.125 to 2.5 mg/L of aminoguanidine, more 
preferably, 0.2 to 1 .0 mg/L. In peritoneal dialysis, the exchange fluid preferably contains 

25 1 .25 to 25 mg/L of aminoguanidine, or preferably, 2.0 to 10 mg/L. In a preferred aspect 
of the invention, the first agents are initially administ^ed, and subsequently second 
agents are used to moderate or limit damage thereafter. 

Asihnia 

30 It is beheved, without limitation to such theory, that the first agents or second 

agents act to prevent, reduce or ameliorate the small but significant thickening of the 
lung airways associated with asthma. Moreover, the agents are believed to reduce 
stimulation of the production of cytokines involved in inflammatory processes of the 
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disease. Accordingly, the agents are used to treat, prevent, reduce or ameliorate asthma. 
In this embodiment, one preferred route of administration is pulmonary, such as via an 
aerosol, though peroral administration is also preferred. 

5 Carpal Tunnel Syndrome 

It is believed, without limitation to such theory, that the first agents act to 
prevent, reduce or ameliorate fibrotic and cytokine-induced elements of carpal tunnel 
syndrome. Accordingly, the first agents are used to treat, prevent, reduce or ameliorate 
carpal tunnel syndrome. 
10 Fibrotic diseases also include Dupuytren's contracture, a contracture of the 

palmar fascia often causing the ring and little fingers to bend into the palm. Treatment 
using the invention is expected to treat, prevent, reduce or ameliorate Dupuytrerfs 
contracture, or hypertrophy, fibrotic hypertrophy or fibrosis in Dupuytren's contracture. 

In these embodiments, one preferred route of administration is local injection. 

15 

Periodontal Disease 

The incidence of periodontal disease is higher in subjects with either insulin- 
deficient or insulin-resistant diabetes, with consequent hyperglycemia. Again, without 
limitation to such theory, it is believed that the first agents act to prevent, reduce or 

20 ameliorate AGE-induced cytokine action to create or exacerbate periodontal disease. 
Accordingly, the first or second agents are used to treat, prevent, reduce or ameliorate 
periodontal disease. In this embodiment, one preferred primary or supplemental route of 
administration is via mouthwash, or compositions adapted for delivery into the 
subgingival periodontal pocket (such as implants and erodible microspheres). Peroral 

25 admmistration is again useful. The mouthwash preferably contains 0.003 - 1 .0 mg/L of a 
first agent, more preferably, 0.01 - 0.1 mg/L. 

Sickle Cell Anemia 

It is beUeved, without limitation to such theory, that the first agents act to 
30 prevent, reduce or ameliorate the restraint on blood flow caused by sickling. Again 
without limitation to theory, the mode of action is believed to be in reducing vascular as 
well as blood cell inelasticity. Accordingly, the first agents are used to treat, prevent, 
reduce or ameliorate a sickle cell anemia. 
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Erectile Dysfunction 

Fibrotic diseases further include diseases that have as a manifestation fibrotic 
disease of the penis, including Peyronie's disease (fibrosis of the cavernous sheaths 
5 leading to contracture of the investing fascia of the corpora, resulting in a deviated and 
painful erection). Treatment using the invention is expected to treat, prevent, reduce or 
ameliorate such diseases, or hypertrophy, fibrotic hypertrophy or fibrosis in such 
diseases. 

Without limitation to theory, it is believed that the first agents act to prevent, 
1 0 reduce or ameliorate inelasticity of tissue of the penis and/or fibrosis of tissue of the 
penis, such as melasticity or fibrosis of the cavernous sheaths leading to contracture of 
the investing fascia of the corpora. At least partial restoration of the resulting inelasticity 
is believed to facilitate engorgement of the corpora cavernosa with blood. Accordingly, 
the first agents are used to treat, prevent, reduce or ameliorate erectile dysfunction. 

15 

Limited Joint Mobility 

Linuted Joint Mobility (LJM) is a disorder associated with diabetes and typically 
involves the joints of the hands. The fourth and fiflh fingers are affected initially by 
limitation of motion. AGE glycation and crosslinldng of tendons (collagen) in the joints 
20 is believed to contribute to the disease. It is believed, witiiout limitation to theory, that 
the first agents act to prevent, reduce or ameliorate inelasticity, fibrous tissue or 
cytoldne-induced inflammation associated with limited joint mobility. Accordingly, the 
first agents are used to treat, prevent, reduce or ameliorate limited joint mobihty. 

25 Antineoplastic Applications 

The first agents inhibit the stimulated formation of bioactive agents, such as 
VEGF, associated with angiogenesis. Angiogenesis is critical for both normal 
development and the growth and metastasis of solid tumors. Accordingly, the first 
agents are used to treat, prevent, reduce or ameliorate the growth of neoplasms by 
30 limiting the formation of blood vessels needed to sustain the neoplasms. 
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End Stase Renal Disease, Diabetic Neyhropailtv 

Diabetic Nephropathy is a complication of diabetes that evolves early, typically 
before clinical diagnosis of diabetes is made. The earliest clinical evidence of 
nephropathy is the appearance of low but abnormal levels (>30 mg/day or 20 |ig/min) of 
5 albumin in the urine (microalbuminuria), followed by albuminuria (>300 mg/24 h or 
-200 |.ig/min) that develops over a period of 10-15 years. In patients with type 1 
diabetes, diabetic hypertension typically becomes manifest early on, by the time that 
patients develop microalbuminuria. Once overt nephropathy occurs, the glomerular 
filtration rate (GFR) falls over several years resulting in End Stage Renal Disease 

10 (ESRD) in 50% of type 1 diabetic individuals within 10 years and in >75% of type 1 
diabetics by 20 years of onset of overt nephropathy. Albuminuria (i.e., protemuria) is a 
marker of greatly mcreased cardiovascular morbidity and mortality for patients with 
either type 1 or type 2 diabetes. 

Without limitation to theory, it is believed that damage to the glomeruli and 

15 blood vessels of the kidney is due to AGE-caused damage, either through protein cross- 
linking or the stimulation of bioactive agents, or both. Accordmgly, the first agents are 
used to treat, prevent, reduce or ameliorate damage to kidney in patients at risk for 
ESRD. The first agents can also be used to treat, prevent, reduce or ameliorate 
glomerulosclerosis. 

20 

Hypertension. Isolated Systolic Hypertension 

Cardiovascular risk coixelates more closely with the systolic and the pulse 
pressure than with the diastolic pressure. In diabetic patients, the cardiovascular risk 
profile of diabetic patients is strongly con-elated to duration of diabetes, glycemic control 

25 and blood pressure. Structural matrix proteins contribute to the function of vessels and 
the heart, and changes in the physical behavior of cardiovascular walls are believed to be 
important determinants of circulatory function. In elderly individuals, the loss of 
compliance in the aorta leads to isolated systolic hypertension, which in turn expands the 
arterial wall and thereby diminishes the dynamic range of elasticity. In vivo studies in 

30 rodents, canines and in primates indicate potential utility of 3-[2-phenyl-2-oxoethyl]"4,5- 
dimethyl-thiazolium salt in substantially ameliorating vascular stiffening. For example, 
in a dog model for diabetes, lower end diastolic pressure and increased end diastolic 
volume, indicators of ventricular elasticity, returned to a value at about the mid-point 
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between the disease impaired value and the value for control dogs. Treatment with 3-[2- 
phenyl-2-oxoethyl]-4,5-dimethyl-thia2olium salt lead to a reduction in the mass of 
collagen in cardiovascular tissues. In situ hybridization studies demonstrate that 3-[2- 
phenyl-2-oxoethyl]-4,5-dimethyI"thia2olium salt reduces the expression of both Type IV 
5 collagen and TGFbeta. 

Compared with that of a non-diabetic, the diabetic artery is smaller as it is stiflFer. 
As in isolated systolic hypertension in which vessels stiffen with age and lose the 
dynamic range of expansion under systole. First agents are used to treat, prevent, reduce 
or ameliorate hypertension, including isolated systolic hypertension and diabetic 

10 hypertension. Moreover, the same benefit is anticipated for the more rare hypertensive 
disorder, pulmonary hypertension. Pulmonary hypertension is a rare blood vessel 
disorder of the lung m which the pressure in the pulmonary artery (the blood vessel that 
leads from the heart to the lungs) rises above normal levels and may become life 
threatening. The similarity in development of elevated blood pressure in the pulmonary 

1 5 bed with the increase in systemic blood pressure in diabetic hypertension and in isolated 
systolic hypertension suggests similar mechanisms are involved. 

Pulse pressure is the difference between systolic and diastolic blood pressure. In 
a young human, systolic pressure is typically 120 mm Hg and diastolic pressure is 80 
mm Hg, resulting in a pulse pressure of 40 mm Hg. Witli age, in many individxials pulse 

20 pressure increases, largely due to the increase in systolic pressure that results jfrom stiff 
vessel disease. In individuals with pulse pressure greater than 60 mm Hg there is an 
increased risk of death from cardiovascular morbidities. In a Phase Ila trial, one 
compound believed to work by a mechanism shared by the compounds of the invention, 
3-[2-phenyl-2-oxoethyl]-4,5-dimethyl-lliia2olium salt, reduced pulse pressure in elderly 

25 patients with pulse pressures greater than 60 mm Hg in a statistically significant maimer. 
This decrease in pulse pressure was believed to be due primarily to the effect of the agent 
on lowering the systolic blood pressure. 

The agents of the invention are used to treat, prevent, reduce or ameliorate 
reduced vascular compliance, elevated pulse pressure, and hypertension. Moreover, the 

30 agents are used to reduce pulse pressure, increase vascular compliance, or decrease the 
risk of death. 
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Heart Failure 

Congestive Heart Failure (CHF) is a clinical syndrome that entails cardiac disease 
of the ventricle. Diastolic dysfunction is a subset of heart failure in which the left 
ventricle stiffens with age. The stiffening of the left ventricle that occurs in CHF and in 
5 diastolic dysftinction is believed to result fi"om increased crosslinking of collagen fibers 
with age and/or fibrosis and related hypertrophy. First agents are used to treat, prevent, 
reduce or ameliorate heart failure. 

Retinopathy 

10 The effect of diabetes on the eye is called diabetic retinopathy and involves 

changes to the circulatory system of the retina. The earliest phase of the disease is 
known as background diabetic retinopathy wherein the arteries in the retina become 
weakened and leak, forming small, dot-like hemorrhages. These leaking vessels often 
lead to sweUuig or edema in the retina and decreased vision. The next stage is 

15 proliferative diabetic retinopathy, in which circulation problems cause areas of the retina 
to become oxygen-deprived or ischemic. New vessels develop as the circulatory system 
attempts to maintain adequate oxygen levels within the retina. Unfortunately, these new 
vessels hemorrhage easily. In the later phases of the disease, continued abnonnal vessel 
growth and scar tissue may cause serious problems such as retinal detacliment. First 

20 agents are used to treat, prevent, reduce or ameliorate diabetic retinopathy. The first 
agents can be administered by the methods described below, including by topical 
administration to the eye. The agents can also be administered by intravitreal implant. 

Cataracts. Other damage to Letts Proteins 
25 AGE-mediated crosslinking and/or fibrotic processes are believed to contribute to 

cataract formation and formation of other damage to lens proteins. First agents are used 
to treat, prevent, reduce or ameliorate cataracts or other damage to lens proteins. 

Ahheimer^s Disease 

30 Considerable evidence exists implicating AGEs that form in the neurofibrillary 

tangles (tau protein) and senile plaques (beta-amyloid peptide) in early neurotoxic 
processes of Alzheimer's disease. Insoluble human tau protein is likely crosslinked. 
Gly cation of insoluble tau from AD patients and experimentally AGE-modified tau 
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generate oxygen free radicals, resulting in the activation of transcription via nuclear 
factor-kappa B, and resulting in an increase in amyloid beta-protein precursor and release 
of amyloid beta-peptides. Thus, A.G.E.-modijaed tau may function as an initiator in a 
positive feedback loop involving oxidative stress and cj^okine gene expression. First 
5 agents are used to treat, prevent, reduce or ameliorate Alzheimer's disease. 

Other indications 

For reasons analogous to those set forth above, the invention is believed to be 
useful in treating, preventing, reducing or ameliorating diabetes or its associated adverse 
10 sequelae, and peripheral neuropathy. The agents, especially in topical fomi, increase 
elasticity and/or reduce wrinkles in skin. The agents further increase red blood cell 
deformability. 

15 Combination Therapies 

In cardiovascular therapies, first agents can be administered concurrently or in a 
combined formulation with one or more antioxidants. Examples of appropriate 
antioxidants are vitamin A, vitamin B6, vitamin C, vitaiuin E, glutathione, p-carotene, 
a-lipoic acid, coenzyme QIO, selenium and zinc, which are administered in effective 

20 amounts as is known in the art. Thus, the invention further provides pharmaceutical 
compositions comprising an agent of the invention in combination with an effective 
amount of an antioxidant 

In treating heart failure, cardiomyopathy or heart attack, first agents can be 
administered concurrently or in a combined formulation with one or more angiotensin 

25 converting enzyme (ACE) inhibitors, angiotensin n receptor antagonists, calcuim 
channel blockers, diuretics, digitalis or beta blockers. Examples of ACE inhibitors 
include Captopril, Enalapril, Enalaprilat, Quinapril, Lisinopril and Ramipril, which are 
administered in effective amounts as is known in the art. Examples of angiotensin 11 
receptor antagonists include Losartan, Irbesartan, Eprosartan, Valsartan and Candesartan, 

30 which are administered in effective amoimts as is known in the art. Examples of calcium 
channel blockers include Amlopdipine, Bepridii, Diltiazem, Felodipine, Isradipine, 
Nicardipine, Nifedipine, Nimodipine and Verapamil, which are administered in effective 
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amounts as is known in the art. Among diuretics, preferred examples include 
Furosemide, Bumetanide, Torsemide, Ethacrynic acid, Azosemide, Muzolimine, 
Piretanide, Tripamide and Hydrochlorothiazide, which are administered in effective 
amounts as is known in the art. Examples of beta adrenergic antagonists include 
5 Metoprolol, Carvedilol, Bucindolol, Atenolol, Esmolol, Acebutolol, Propranolol, 
Nadolol, Timolol, Pindolol, Labetalol, Bopindolol, Carteolol, Penbutolol, Medroxalol, 
Levobunolol, Bisoprolol, Nebivolol, Celiprolol and Sotalol, which are administered in 
efifective amounts as is known in the art. Thus, the invention further provides 
pharmaceutical compositions comprising an agent of the invention in combination with 
10 an effective amount of an ACE inhibitor, diuretic, digitalis, beta blocker, or combination 
thereof. 

For treating diabetes or complications thereof, the invention further provides 
pharmaceutical compositions comprising an agent of the invention in combination with 
an effective amount of a thiazolidinedione or "glitazone" diabetes drug, such as 

1 5 Troglitazone, Rosiglitazone, and Pioglitazone. 

In treating atherosclerosis, first agents can be administered concurrently or in a 
combined formulation with one or more statins (HMG CoA reductase inhibitors) or 
cholestyramine. Examples of statins include Mevastatin, Lovastatin, Simvastatin, 
Pravastatin and Fluvastatin, which are administered in effective amounts as is known in 

20 the art. Thus, the invention further provides pharmaceutical compositions comprising an 
agent of the invention in combination with an effective amount of a statin, 
cholestyramine, or both. 

For a number of indications discussed, including sickle cell enemia and diabetic 
complications, as well as wound healing and any other indication in which increased 

25 tissue perfusion is a useful means or adjunct to therapy, the first agents, or 

aminoguanidine or other agents of the aminoguanidine class can be administered with 
erythropoietin, which is administered in effective amount as is known in the art. 
Erjrthropoietin includes stable forms of erythropoietin such as are marketed by Amgen 
(Thousand Oaks, CA). 

30 For all indications, first agents can be administered concurrently or in a combined 

formulation with aminoguanidine or other agents of the aminoguanidine class, which are 
administered in effective amounts as is known in the art. 
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The method of the inventioQ is used to treat animals, preferably mammals, 
preferably humans. 

In accordance with the present invention, methods for administering 
pharmaceutical compositions containing certain compoimds have been developed for 
5 treating Ae indications described. These agents are either substituted thiazolium, 
oxazolium, or imidazolium agents as shown in the Summary section above. 

Pharmaceutical compositions of the invention include administering an effective 
amount of a compound of the formula L 

The alkyi, and alkenyl groups referred to below include both CI to C6 linear and 
10 branched alkyl and alkenyl groups, unless otherwise noted. Alkoxy groups include 
linear or branched CI to C6 alkoxy groups, unless otherwise noted. 

"At" (consistent with the rules governing aromaticity) refers to a Ce or Cio aryl, 
or a 5 or 6 membered heteroaryl ring. The heteroaryl ring contains at least one and up to 
three atoms of N for the 6 membered heteroaryl ring. The 5 membered heteroaryl ring 
1 5 contains; (1) from one to three atoms of N, or (2) one atom of O or S and zero to two 
atoms of N. The aryl or heteroaryl is optionally substituted as set forth below. 
Nonlimiting examples of heteroaryl groups include: pyrrolyl, furanyl, tbienyl, pyridyl, 
oxazolyl, pyrazolyl, pyrimidinyl, and pyridazinyl. 

"Ar" can be fused to either a benzene, pyridine, pyrimidine, pyridazme, or (1,2,3) 
20 triazine ring. 

"Rs" refers to a Ce or Cio aryl group (optionally substituted as set forth below) or 
a heterocycle containing 4-10 ring members and 1-3 heteroatoms selected from the group 
consistuig of oxygen, nitrogen and sulfur (wherein said heterocycle is optionally 
substituted as set forth below). Where Rs is a non aromatic heterocycle containing sulfur 
25 atom as ring members, the sulfur atoms can exist in various oxidation states, as S(0)n, 
where n is 0,1, or 2. 

As used herein, C^ or Cio aryl groups and heterocycles containing 4 to 10 ring 
members are monocyclic or bicyclic. The ring fusions of the bicyclic heterocycles are at 
carbon-carbon bonds. 

30 In certain embodiments of the invention, the thiazoliums, imidazoliums, and 

oxazoliums of the invention contain and R^ substitutions that together with their ring 
carbons (the C4-C5 carbons of the thiazoliums, imidazoliums, and oxazoliums) form a 
fused C5 to C7 cycloallg^l ring having up to two double bonds including the fused double 
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bohd (the C4-C5 double bond of the thiazolimns, imidazoliums, and oxazolimns). The 
cycloalkyl ring can be substituted by one or more of the group consisting of alkyl, 
alkoxycarbonyl, amino, aminocarbonyl, carboxy, fluoro, and oxo substituents. One of 
ordinary skill in the art will recognized that where cycloalkyl groups contain double 
5 bonds, the sp^ hybridized carbon atoms can contain only one substituent (which can not 
be amino- or oxo-)- Sp^ hybridized carbon atoms in the cycloalkyl ring can be geminally 
substituted with the exception that (1) two amino groups and (2) one amino and one 
fluoro group can not be substituted on the same sp^ hybridized carbon atom. 

In certain embodiments of the invention, the thiazoliums, imidazoliums, and 

10 oxazoliums of the invention contain and substitutions that together with their ring 
carbons (the C4-C5 carbons of the thiazoliums, imidazoliums, and oxazoliimis) form a 
five to eight membered heterocycle (i.e. a bioyclic heterocycle is formed). In these 
embodiments the heterocycle is preferably not aromatic. Particular compounds within 
these embodiments contain sulfur atoms in the ring fused to the thiazoliums, 

15 imidazolixmis, and oxazoliums. These sulfur atoms in these particular compounds can 
exist in various oxidation states, as S(0)n, where n is 0,1, or 2. 

In certain embodiments of the invention, the thiazoliums, imidazolixuns, and 
oxazoliums of the invention contain R^ and R^ substitutions that together with their ring 
carbons (the C4-C5 carbons of the thiazoliimis, imidazoliums, and oxazoliums) form a 

20 five or six membered heteroaryl ring (i.e, a bicyclic aromatic heterocycle is formed). A 
preferred bicyclic aromatic heterocycle of the invention is a purine analog [Q is N and 
and R^ together with their ring carbons (the C4 and C5 of the imidazolium ring) form a 
pyrimidine ring]. 

In certain embodiments, the thiazoliums, imidazoliums, and oxazoliums of the 
25 invention contain a Y group which can be -CH(R^)-R^. In those embodiments where R^ 
is alkenyl, preferably aUcenyl is -C=C-R^, where R^ is alkyl, H, or hydroxy(CrC6)alkyl. 
In those embodiments wherein R^ is alkynyl, preferably alkynyl is -CsC-R^, where R^ is 
alkyl, hydrogen, or hydroxy(Ci-C6)alkyl. 

Aryl or Ar, can generally be substituted with, in addition to any substitutions 
30 specifically noted one or more substituents selected from the group consisting of 
acylamino, acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, 
alkoxycarbonylalkyl, alkyl, alkylamino, (Cl-C3)alkylenedioxy, alkylsulfonyl 
[alkylS(0)2-], alkylsulfinyl [alkylS(O)-], co-alkylenesulfonic acid [-alkylSOaH where 
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n=l-6)], alkylthio, allyl, amino, ArC(0)-, ArO-, Ar-, Ar-alkyl-, carboxy, carboxyalkyl, 
cycloalkyl, dialkylatnino, halo, trifluoromethyl, hydroxy, (C2-C6)hydroxyaIkyl, 
mercapto, nitro, sulfamoyl, sulfonic acid [-SO3H], l-pyrrolidinyl-, 4-[C6 or 
ClOlarylpiperazin-l-yl-, 4-[C6 or C10]arylpiperidin-l-yl, azetidin-l-yl, inorpholin-4-yl, 
5 and piperidin- 1 -yL 

Heterocycles, except those of Ar, can generally be substituted with acylamino, 
alkanoyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylamino, alkylsulfonyl 
[alkylS(0)2-], alkylsulfmyl [alkylS(O)-], alkylthio, amino, ArC(O)-, ArO-, Ar-, carboxy, 
dialkylamino, fluoro, fluoroalkyl, difluoroalkyl, hydroxy, mercapto, sulfamoyl, or 

10 trifluoromethyl. Preferably multiple substituents are located on different atoms of the 
heterocyclic ring , with the proviso that alkyl, alkylcarbonyl, and fluoro substituents can 
be substituted on the same carbon atom of the heterocyclic ring. Heterocycles can be 
substituted with one or more substituents. 

The halo atoms can be fluoro, chloro, bromo or iodo. Chloro and fluoro are 

1 S preferred for aryl substitutions. 

For the pxirposes of this invention, the compounds of formula (I) are formed as 
biologically or pharmaceutically acceptable salts. Useful salt forms include the halides 
(particularly bromides and chlorides), tosylates, methanesuLfonates, brosylates, 
fumarates, maleates, succinates, acetates, mesitylenesulfonates, and the like. Other 

20 related salts can be formed using similarly non-toxic, and biologically or 
pharmaceutically acceptable anions. 

Representative, non-limiting examples of compounds of the present invention are: 

3-[2-(3-phenyl-5-isoxazolyl)-2-oxoethyl]thiazolium bromide 
25 3-[2-(3-phenyl-5-isoxazolyl)-2-oxoethyl]-4,5-dimethylthiazolium bromide 

3-[2-(3-phenyl-5-isoxazolyl)-2-oxoethyl]-4-methyl-5-(2-hydroxyethyl)thiazolium 
bromide 

3-[244'-(2-ethoxy-2-oxoethyl)-2-thiazolyl]aniino-2-oxoethyl]-4,5- 
dimethylthiazolium chloride 
30 3-[2-(3-phenyl-5-isoxazolyl)-2-oxoethyl]-4-methyl-5-(6-hydroxyhexyl)thiazolium 
bromide 

3-[2-(2,6-dimethyl-4*morpholinyl)-2-oxoethyl]-4,5-dimethylthia2oUum bromide 
3-(2-(I -piperidinyl)-2-oxoethyl)-4,5-dimethylthiazolium bromide 
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3-(2-(2-furanyl)-2-oxoethyl)-4,5-dimethylthiazolium bromide 
3 -(2-(2-furany l)-2-oxoethy l)-4-(2-hy droxypenty l)thiazoliiim bromide 
3-[2-(2-oxo-l,23,44etrahydro-6-quinolinyl)-2"OXoethyl3-4,5-dime%ltW 
bromide 

5 3-(2-(l -pyrrolidinyl)-2-oxoethyl)-4,5-dimethylthiazolium bromide 

3-[2-(3-methyl-2-tWanaphtheiiyl)-2-oxoethyl]-4,5-dimethylthiazoUi^ 
3 -[2-(4-phenyl- 1 -piperazinyl)-2-oxoethyl]-4,5-dimethy Ithiazolium bromide 
3-(2-(2-tiiienyl)-2-oxoethyl)-4,5-dimethylthiazoUimibroinid 
3 -(2-(2-thienyl)-2-oxoethyl)-4-methyl-5-(2-hydroxy ethyl)tWazolium bromide 
1 0 3"(2-(4-thiomoipholinyl)-2-oxoethyl)-4,5-dimethylthiazolium bromide 

3-(2-(hexahydro- 1 -azepinyl)-2-oxoethyl)-4,5-dimethyithia2oliiim bromide 
3 -[2-(4-[2-methoxyphenyl]- 1 -pipera2inyl)-2-oxoe1iiyl]-4,5-dimethyithia2olium 
chloride 

3-(2-(octahydro-l -azocinyl)-2-oxoethyl)-4,5-dimethylthiazoliimi bromide 
1 5 3-(2-(2-pyridinyl)-2-oxoethyl)-4,5-dimethyl-thiazolium bromide 

3-[2-(2-methyl- 1 -piperidinyl)-2-oxoethy l]-4,5-dimethylthiazolium chloride 
3-[2-(2,6-dime11iyl-l-piperidinyl)-2-oxoethyl]-4,5-dimethyIthiazoliumcWorid 
3-[2-(4-benzyl-l -piperidinyl)-2-oxoethyl]-4,5-dimethylthiazolium chloride 
3-[2-(4-benzyl- 1 -piperazinyl)-2-oxoethyl]-4,5-dimethylthiazolium chloride 
20 3-[2-(3 -pheny l-5-isoxazolyl)-2-oxoethyl]-4-octy Ithiazoliimi bromide 

3-(2-(4-morpholiiiyI)-2-oxoethyl)-4,5-dimethylthiazoliumbroniide 
3-[2-[4-(2-ethoxy-2-oxoethyl)-2-thiazolyl]amino-2-oxoethyl]-4,5- 
dimethylthiazolium chloride 

3-(2-(4-morpholinyI)-2-oxoethyl)-455-dioctadecylthiazolium bromide 
25 3-[2-(2,6-dimethyl-4'morpholiiiyl)-2-oxoethyl]-4,5-dipen1ylthiazolium bromide 

3-(2-(l -piperidinyl)-2-oxoethyl)-4,5-didodecyIthiazolium bromide 
3-(2-(2-furanyl)--2-oxoethyl)-5-decylthiazoliiim bromide 
3-[2-(2-oxo-l,23,4-tetrahydro-6-quinolinyl)-2-oxoethyl]-4,5-dioctylthiazolimn 
bromide 

30 3-(2-(l -pyrrolidinyl)-2-oxoethyl)-4,5-diethylthiazolixmi bromide 

3 -[2-(3 -methyl-2-thianaphthenyl)-2-oxoethyl]-4,5-dipentylthiazolium bromide 
3-[2-(4-phenyH -piperazinyl)-2-oxoethyl]thiazolium bromide 
3-(2-(2-thienyl)-2-oxoethyl)thiazolium bromide 
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3-(2-(2-tMenyl>2-oxoethyl)-4-methyl-5-(6-hydroxyhexyl)t^ 
3-(2-(4-thioniorpholinyl)-2-oxoethyl)thiazoliuiii bromide 
3-(2-(hexahydro-l-azepinyl)-2-oxoe11iyl)-4,5-dioctyltMazolium 
3-(2-<octahydro-l-azocmyl)-2-oxoeihyl)-4,5-didecylthia2oliimibrom 
5 3-(2-(2-pyridinyl)-2-oxoethyl)-4,5-dioctylthiazoliuin bromide 

3-[2-(2-methy 1- 1 -piperidinyl)-2-oxoethyl]-4,5 -dipropy Ithiazolium chloride 
3-[2-(2,6-dimethyl-l -piperidinyl)-2-oxoethyl]-4-methylthiazoliiim chloride 
3-[2-{4-benzyl-l -piperidinyl)-2-oxoethyl]-5-methylthiazolium chloride 
3-[2-(4-benzyl- 1 -piperazinyl)-2-oxoethyl]-4-octylthiazolium chloride 
3-aminothiazoliiim mesitylenesulfonate; 
3-arniiio4,5Kiimethylaminothiazoliummesitylenesulfonate; 

2.3- diaminothiazolinium mesitylenesulfonate; 
3-(2-methoxy-2-oxoethyl)thiazolium bromide; 
3-(2-methoxy-2-oxoethyI)-4,5-dimethyltliiazolium bromide; 
3-(2-methoxy-2-oxoethyl)-4-methylthiazolium bromide; 
3-(2-phenyl-2-oxoethyl)-4-methylthiazolium bromide; 
3-(2-phenyl-2-oxoethyl)-4,5-dimethylthiazolium bromide; 
3-amino-4-methyIthiazoIimn mesitylenesulfonate; 
3-(2-methoxy-2-oxoethyl)-5-methylthiazolium bromide; 
3-(3-(2-phenyl-2-oxoethyl)-5-methylthiazolium bromide; 
3-[2-(4-bromophenyl)-2-oxoethyl] thiazolium bromide; 
3-[2-(4-bromophenyl)-2-oxoethyl]-4-methylthiazolixmi bromide; 
3-[2-(4-bromophenyl)-2-oxoethyl]-5-methylthiazolimn bromide; 
3-[2-(4-bromophenyl)-2-oxoethyl]-4,5-dimethylthiazoliiim bromide; 
3-(2-methoxy-2-oxoethyl)-4-methyl-5-(2-hydroxyethyl)thiazolium bromide; 
3-(2-phenyl-2-oxoethyl)-4-methyl-5-(2-hydroxyethyl)thiazolium bromide; 
3-[2-(4-bromophenyl)-2-oxoethyl]-4-methyl-5-(2-hydroxyethyl)thiazolium 

bromide; 

3 .4- dimethyl-5-(2-hydroxyethyl)thiazoIium iodide; 
3-ethyI-5-(2-hydroxyethyl)-4-methyIthia2oliiim bromide; 
3-benzyl-5-(2-hydroxyethyl)-4-methylthiazolium chloride; 
3-(2-methoxy-2-oxoethyl)ben2othiazolium bromide; 
3-(2-phenyl-2-K)xoethyl)benzothiazoliiim bromide; 
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3-[2-(4'-bromophenyl)-2-oxoethyl]benzothiazoliuin bromide; 
3-(carboxymethyl)ben20thiazolium bromide; 
2,3-(diamino)benzothia2olium mesitylenesulfonate; 
3-(2-amino-2-oxoethyl)thia2oliuin bromide; 
5 3-(2-amino-2-oxoethyl)-4-methylthiazolium bromide; 

3-(2-araino-2-oxoethyl)-5-methylthiazoIimn bromide; 
3-(2-amino-2-oxoethyl)-4,5-dimethylthiazolivim bromide; 
3-(2-aiiuno-2-oxoethyl)benzothiazolium bromide; 
3-(2-aniino-2-oxoethyl)-4-methyl-5-(2-hydroxyethyl)thiazoliumb^^ 
3-amino-5-(2-hydroxyethyl)-4-methylthia2X)lium mesitylenesulfonate; 
3-(2-methyl-2-oxoethyI)thiazoIiiim chloride; 
3 -amino-4-methyl-5-(2-acetoxyethyl)thiazolium mesitylenesulfonate; 
3-(2-phenyl-2-oxoethyl)thiazolium bromide; 

3-(2-methoxy-2-oxoethyl)-4-methyl-5-(2-acetoxyethyl)thiazoliumbronude; 
3-(2-aniino-2-oxoethyl)-4-methyl-5-(2-acetoxyethyl)thiazolium bromide; 
2-amino-3*(2-methoxy-2-oxoethyl)thiazolium bromide; 
2-amino-3-(2-mefhoxy-2-oxoethyl)benzothia2oliumbroniide; 

2- amino-3-(2-aniino-2-oxoethyl)thiazolium bromide; 

2 ••amino-3-(2 -amino- 2 -oxoethyl) benzothiazolium bromide; 

3- [2-(4-methoxyphenyl) -2 -oxoethyl]thiazolium bromide; 
3-[2-(2,4-dimethoxyphenyl)-2-oxoethyl]thiazoIium bromide; 
3- [2-(4-fluorophenyI) -2-oxoethyl]thiazolium bromide; 

3 ~[2-(2,4-difluorophenyl)-2-oxoethyl]thiazolium bromide; 
3-[2-(4-diethylaminophenyl)-2-oxoethyl]thiazolium bromide; 
3-propargylthiazolium bromide; 
3-propargyI-4-methylthiazolium bromide; 
3-propargyl-5-methylthiazolium bromide; 
3-propargyl-4,5-dimethylthiazolium bromide; 
3-propargyl-4-methyl-5-(2-hydroxyethyl) -thiazolium bromide; 
3-(2- [3-methoxyphenyl] -2-oxoethyl)thiazolium bromide; 
3-(2-[3-raethoxyphenyl]-2-oxoethyl)-4methyl-5-(2-hydroxyethyl)thiazoIiu^ 

bromide; 

3-(2-[3 -methoxyphenyl)-2-oxoethyl)-benzothiazolium bromide; 
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2,3.diainmo-4-chIorobenzothiazoliaini mesitylenesulfonate; 
2,3-diamino-4-methylthiazoliuin mesitylenesulfonate; 
3-amino.4-methyl-5-vinylthia2oIium mesitylenesulfonate; 
2,3-diamino-6-chlorobenzothiazolium 
5 2,6-diainino-benzothiazole dihydrochloride; 

2,6-dianiino-3-[2--(4-methoxyphenyl)-2-oxoethyl]benzothiazoIium. bromide; 
2,6-diamino-3-[2-(3-methoxyphenyl)-2-oxoethyl]beiizothiazolium bromide; 
2,6-diamino-3-[2-(4-diethylaminophenyl)-2-oxoethyl]benzothiazolium bromide; 
2,6-diarQino-3-(2-(4-bromophenyl)-2-oxoethyl] benzothiazolixmi bromide; 
10 2,6-diamino-3-[2-(2-phenyl)-2-oxoethyl] benzothiazolium bromide; 

2,6-diamino-3-[2-(4-fIuorophenyl-2-oxoethyl] benzothiazolium bromide; 
3-acetamido.4-methyl-5-thiazolyl-ethyl acetate mesitylenesulfonate; 
2,3-diamino-5-methylthiazolium mesitylenesulfonate; 
3-[2-(2-naphthyl)-2K)Xoethyl].4-methyl-5-(2-hydroxyethyl).thiazoli^ 
3-[2-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-oxoethyl]-4-methyl-5-(^ 
hydroxyethyl)thiazolium bromide; 

3-[2-(2,6Hiichlorophenethylainino)-2K)xoethyl]-4-methyl-5-(2- 
hydroxyethyl)thiazolium bromide; 

3-[2-dibutyIaniino-2.oxoethyI].4-methyl-5-(2-hydroxyethyl)thia2oIiumbronude 
3-[2-(4-carbethoxyanilino)-2-oxoethyl].4-methyl-5-(2-hydroxyethyl)thiazoUu^ 
bromide; 

3-(2-(2,6-diisopropylaiiilino)-2-oxoethyl].4-methyl-5-(2-hydroxyethyl)tWaz^ 
bromide; 

3-an[uno-4-methyl-5-[2-(256-dichlorobenzyloxy)ethyl]tiiia2olium 
mesitylenesulfonate; 

3-[2-(4-carbmethoxy-3-hydroxyanilino)-2-oxoethyl]-4-methyl-5-(2- 
hydroxyethyl)thiazolium bromide; 

2,3-diamiQo-4,5-dimethylthiazolium mesitylene sulfonate; 
2,3-diamino-4-methyl-5-(2-hydroxyethyl)thiazoIium mesitylene sidfonate; 
2,3-diamino-5-(3,4-trimethylenedioxy phenyl)-thia2olium mesitylene sulfonate; 
3-[2-( 1 ,4-benzodioxan-6-yl)-2-oxoethyl].4-methyl-5-(2-hydroxyethyl)thiazolium 
bromide; 
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3-[2-(3,4-trimethylenedioxyphenyl)-2-oxoethyl]-4-methyl-5-(2- 
hydroxyethyl)thiazoliiim bromide; 

3-(2-[3,4-benzodioxaG-6-yl]-2-oxoethyl)thiazoliTjm bromide; 

3 - [2-(3 ,4-triinethy lenedioxypheny l)-2-oxoethy l]thiazoiium bromide; 
5 3-[2-(3,5-di4ert-butyl-4-hydroxyphenyl)-2-oxoethyl]thiazoli\mi bromide; 

3-[2-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-oxoethyl]-4-methyltiuazolium 
bromide; 

3-[2-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-oxoethyl]-5-methylthiazolium 
bromide; 

10 3-[2-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazoli^ 
bromide; 

3-[2-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-oxoethyl]-benzothiazoUmnb 
l-methyl-3-[2-(3,5-di-tert-butyM-hydroxyphenyl)-2-oxoethyl]imidazoU 
bromide; 

1 5 3-[2-(4-M-pentylphenyl)-2-oxoethyl]thiazoliiim bromide; 

3-[2-(4-n-pentylphenyl)-2-oxoethyl]-4-methyl-5-(2-hydroxyethyl)thia2oliimi 
bromide; 

3-[2-(4-diethylaminophenyl)-2-oxoethyl]-4-methyl-5-(2-hydroxyethyl)thiaz^ 
bromide; 

20 3-(2-phenyI-2-oxoethyI)-4-methyl-5-vinylthiazolium bromide; 

3-[2-(3,5-tert-butyl-4-hydroxyphenyl)-2-oxoethyl)-4-methyl-5-vinylthiazolium 
bromide; 

3-(2-tert-butyl-2-oxoethyl)thiazolium bromide 

3-(2-tert-butyl-2-oxoethyl)-4-methyl-5-(2-hydroxyethyl)thia2olium bromide; 
25 3 -(3 '-methoxybenzyl)-4-methyl-5 -(2 -hydroxy ethyl)thia2olium chloride; 

3-(2,6-diclilorobenzyl)-4-methyl-5-(2-hydroxyethyl)thiazoHum chloride; 

3 -(2-nitrobenzyl)-4-methyl-5-(2-hydroxyethyl)thiazolium bromide; 

3 [2-(4-chloropheny l)-2-oxoethyl]thiazolium bromide; 

3[2-(4-chlorophenyl)-2-oxoethyl]-4-methyI-5-(2-hydroxyethyl)thiazoliurri 
30 bromide 

3[2-(4-methoxyphenyl)-2-oxoethyl]-4-methyl-5-(2-hydroxyethyl)thiazolium 
bromide. 

3-[2-(3-phenyl-5-isoxazolyl)-2-oxoethyl]thiazolium bromide 
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3-[2-(3-phenyl-5-isoxa2»lyl)-2-oxoethyl]-4,5-dimethylthia2oUi^ 
3-[2-(3-phenyl-5-isoxazolyl)-2-oxoethyl]-4-methyl-5-(^ 
bromide 

3-[2-[4-(2-ethoxy-2-oxoethyl)-2-thiazolyl]ammo-2-oxoethyl]-4,5- 
5 dimethylthiazolium chloride 

3-[2-(3-phenyl-5-isoxazolyl)-2-oxoethyl]-4-methyl-5-(6- 

hydroxyhexyl)thiazoIiiim bromide 

3-[2-(2,6-dimethyl-4-morpholinyl)-2-oxoethyl]-4,5Klimethyl^ 
3-(2-(l -piperidinyl)-2-oxoethyl)-4,5-dimethyltiiiazoliimi bromide 
10 3-(2-(2-furanyl)-2-oxoethyI)-4,5-dimethyIthiazoliiim bromide 

3-(2-(2-fiiranyl)-2-oxoethyl)-4-(2-hydroxypen1yl)thiazolium bromide 
3-[2-(2-oxo-l,23,4-tetrahydro-6-qiiinoUnyl)-2-oxoethyl]-4,5-dimethylthiazoU^ 

bromide 

3-(2-(l •pyrrolidinyl)-2-oxoethyl)-4,5-dimethylthia2olium bromide 
1 5 3-[2-(3-methyl-2-thianaphthenyl)-2-oxoethyl]-4,5-dimethyltM bromide 

3-[2-(4-phenyl-l-piperazinyl)-2-oxoethyl]-4,5-dimethylthiazoUumbromid 
3-(2-(2-tMenyl)-2-oxoe1iiyl)-4,5-dimethyItUazx)liim 
3-(2-(2-lMenyl)-2-oxoethyl)-4-methyl-5-hydroxye1hyltliiazoUim bromide 
3-(2-(4-tMomorpholinyl)-2-oxoethyl)-4,5-dime1hyl1hiazoUimibr 
20 3-(2-(hexahydro-l-azepinyl)-2-oxoethyl)-4,5-dimethyltMazoUi^ bromide 

3-[2-(4-[2-methoxyphenyl]-l-piperazinyl)-2-oxoethyl]-4,5-dimethyltU 
chloride 

3-(2-(octahydro-l -azocinyl)-2-oxoethyl)-4,5-dime1hyltMazoUiim bromide 
3-(2-(2-pyridinyl)-2-oxoethyl)-4,5-dimethylthiazoliiim bromide 

25 3-[2-(2-methyH-piperidinyl)-2-oxoethyl]-4,5-dimethylthiazolium chloride 

3-[2-(2,6-dimethyl-l-piperidinyl)-2-oxoethyl]-4,5-dimethylthiazolium chloride 
3-[2-(4-benzyl-l -piperidinyl)-2-oxoethyl]-4,5-dimethylthiazoliiim chloride 
3-[2-(4-beiizyl-l -pipera2inyI)-2-oxoethyl]-4,5-dimethylthia2oUum chloride 
3-[2-(3 -phenyl-5-isoxazolyl)-2-oxoethyl]-4-octylthiazolium bromide 

30 3-(2-(4-morpholiiiyl)-2-oxoethyl)-4,5-dimethylthiazolimn bromide 

3-[2-[4-(2-ethoxy-2-oxoethyi)-2-thiazolyl]amino-2-oxoethyI]-4,5- 
dipropylthiazolimn chloride 

3-(2-(4-morpholinyl)-2-oxoethyl)-4,5-dioctadecylthiazolium bromide 
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3-[2-(2,6-dimethyl-4-morpholmyl)-2-oxoethyl]-4,5-dipentylthia2X)U 
3-(2-(l -piperidinyl)-2-oxoethyl)-4,5-didodecylthiazolium bromide 
3-(2-(2-furanyl)-2-oxoethyl)-5-decylthiazolium bromide 
3-[2-(2-oxo-l,23j4-tetrahydro-6-quinolinyl)-2-oxoethyl]-4,5-dioctylthiazolium 
5 bromide 

3-(2-(l 'pyrrolidinyl)-2-oxoethyl)-4,5-diethylthiazolium bromide 
3-[2-(3-methyl-2-thianaphthenyl)-2-oxoethyl]-4,5~dipentyIthia2oliumbrom 
3-[2-(4-phenyl- 1 -piperazinyl)-2-oxoethyl]thiazolium bromide 
3-(2-(2-thienyl)-2-oxoethyi)thiazoliimi bromide 

1 0 3-(2-(2-thienyl)-2-oxoethyl)-4-methyl-5-(6-hydroxyhexyl)tMazoliu^ bromide 

3-(2-(4-thiomorphoIinyl)-2-oxoethyl)thiazoIium bromide 
3-(2-(hexahydro-l -azepinyl)-2-oxoethyl)-4,5-dioctylthiazolimn bromide 
3-(2-(octahydro- 1 -azocinyl)-2-oxoethyl)-4,5-didecylthiazolium bromide 
3-(2-(2-pyridinyl)-2-oxoethyl)-4,5-dioctylthia2oIixmi bromide 

1 5 3-[2-(2-methyH-piperidinyl)-2-oxoethyl]-4,5-dipropylthiazoliimi chloride 

3-[2-(2,6-dimethyl-l -piperidinyl)-2-oxoethyl]-4-methylthiazolium chloride 
3-[2-(4-benzyH -piperidinyl)-2-oxoethyl]"5-methylthiazolium chloride 
3-[2-(4-benzyH -piperazinyl)-2-oxoethyl]-4-octylthia2olium chloride 
l-methyl-3-[2-(3-methoxyphenyl)-2-oxoethyl]imidazohxmi bromide; 

20 1 -methyl-3-[2-(4-methoxyphenyl)-2-oxoethyI]imidazolium bromide; 

1 -methyl-3 -[2-(2,4-dimethoxyphenyl)-2-oxoethyl]imidazolium bromide; 
1 -methyl-3-[2-(4-diethylarainophenyl)-2-oxoethyl]imidazolium bromide; 
1 -methyl-3-[2-arriino-2-oxoethyl]imidazolium bromide; 
l-methyl-2-amino-tniidazolium mesityiene sulfonate; 

25 1 -methyl-3-[2-phenyl-2-oxoethyl]imidazolium bromide; 

3-amino- 1 -(ethoxycarbonylpentyl)imidazolium mesitylenesulfonate; 
l-(ethoxycarbonylpentyl)-3-[2-(3-methoxyphenyl)-2-oxoethyl]imidazolium 
bromide; 

1 -methyl-3-[2-(4-bromophenyl)-2'-oxoethyl]imida2olium bromide; 
30 l-methyl-3-[2-(4-fluorophenyl)-2-oxoethyl]imidazolium bromide; 

1 -methyl-3-[2-(3,4-difluoropheny])-2-oxoethyl]imidazolimn bromide; 
l-(ethoxycarbonylpentyl)-3-[2-(4-methoxyphenyl)-2-oxoe1hyl]imida2olimn 
bromide; 
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l-(4-acetylphenyl)-3-a3aMno-iini(iazoUiim mesitylenesulfonate; 
1 -(e1hoxycarbonylpentyl)-3 -[2-(4-methoxyphenyl)-2-oxoethyl]im^ 
bromide; 

l-(e11ioxycarbonylpentyl)-3-[2-(4-methylphenyl>2-oxoethyl]imid^ 
5 bromide; 

l-amiiio-3-benzoyl-iinidazolium mesitylene sulfonate; 
l-methyl-3-(2-naphth-2-yl-2-oxoethyI)imidazolium bromide; 
1 -inethyl-3-[(4-biphen-l -yl)-2-oxoethyl]iinidazoliuin bromide; 
1 -methyl-3-[(3-trifluoromethylphenyl)-2-oxoethyl)]imidazolium bromide; 
1 0 1 -methyl-3-[4-{2,4-difluorophenyl)-2-oxoethyl]imidazolium chloride; 

3 - [2-(thien-2-y l)-2-oxoethyl]- 1 -methyl-5 -imidazolium bromide; 
l-methyl-3-[2'-(2;4,6-trimethylphenyi)-2-oxoethyl]imidazoIium bromide; 
1 -methyl-3-[2-(2,4-dichlorophenyI)-2-oxoethyl]imidazolium chloride; 
3-(2-phenyl-2-oxoethyl)-l -phenylimidazolium chloride; 
3-(2-phenyl-2-oxoethyl)-l -ethylimidazolium chloride; 
3-(2-phenyl-2-oxoethyl)-l -butylimidazolium chloride; 
3-(2-phenyl-2-oxoethyI)-l-allylimida2oUum chloride; 
3-(2-1rifluoromethylphenyl-2-oxoediyl)-4,5-dime1hylthiazoUimi bromide 
3-(2-trifluoromethylphenyl-2-oxoethyl)-4-methyl-5-{2-hydroxyethyl)lM 
bromide; 

3-(2-trifluoromethylphenyl-2-oxoethyl)- 1 -methylimidazolium bromide; 
3-(2-trifluoromethylphenyl-2-oxoefhyl)-l -methylimidazolium bromide; 
1 -butyl-3-amino-imidazolium-mesitylenesulfonate; 
3-[2-(thien-2-yl)-2-oxoethyl]-l ,2-dimethylimidazolium bromide; 
3-[2-(pyrrolidin-l-yl)-2-oxoethyl]-l,2-dimethylimidazolium chloride; 
3-(2-phenyl-2-oxoethyl)-l ,2-dimethylimidazolium chloride; 
3-amino-l ^-dimethylimidazolium mesitylenesulfonate; 
3- [2-(pyrrolidin- 1 -yl)-2-oxoethyl]- 1 -ethylimidazolium chloride; 
3-[2-(pyrrolidin-l-yl)-2-oxoethyl]-l-phenylimidazolium chloride; 
3 -[2-(pyrrolidin- 1 -yl)-2-oxoethy 1]- 1 -methylimidazolium chloride; 
3-[2-(thien-2-yl)-2-oxoethyl]-l -ethylimidazolium bromide; 
3-[2-(thien-2-yl)-2-oxoethyl]-l -phenylimidazolium bromide; 
3-[2-(thien-2-yI-2-oxoethyl]-l ,4,5-trimethylimidazolium bromide; 
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3-[2-(pyrrolidin-2-yl)-2-oxoethyl]- 1 ,4,5-triniethyliiiiidazoliuin chloride; 
3-[2-(4-cUorophenyl)-2-oxoethyl]-l ,2-diinethylimidazolium bromide; 
3-[2-(4-bromophenyl)-2-oxoethyl]-l ,2-dimethyliinida2olium bromide; 
3-[2-(4-fluorophenyl)-2-oxoethyl]-l ,2-dimethylimida2oliimi bromide; 
5 3-[2-(2,4-difluorophenyl)-2-oxoethyl]-l ,2-dimethylimidazolium chloride; 

3-[2-(2,4-dichlorophenyl)-2-oxoethyl]- 1 ,2-dimethylimidazoliura chloride; 
3-[2-(3,4-difluorophenyl)-2-oxoethyl]-l ,2-dimethyiimida2olium bromide; 
3-[2-(2-methoxyphenyl)-2-oxoethyl]-l,2-dimetiiylimidazolium bromide; 
3-[2-(3-methoxyphenyl)-2-oxoethyl]- 1 ,2-dimethylimidazoiium bromide; 
3-[2-(4-methoxyphenyl)-2-oxoethyl]-l ,2-dimethylimidazolium bromide; 
3-[2-(2,4-dimethoxyphenyI)-2-oxoethyI]-l ,2-dimethylimidazolium bromide; 
3-[2-(2,5-dimethoxyphenyl)-2-oxoethyl]-l,2-dimethylimidazolium bromide; 
3-[2-(2,4,6-trimethy lphenyl)-2-oxoethyl]- 1 ,2-dimethylimidazolium bromide; 
3-[2-(4-methylphenyl)-2-oxoethyl]-l ,2-dimethylimidazolium bromide; 
3-[2-(4-diethyiaminophenyl)-2-oxoethyl]- 1 ,2-dimethylimidazoliiim bromide; 
3-[2-amino-2-oxoethyl]-l,2-dimethylimidazolimn bromide; 
3-[2-(3,5-di-tert-butyl-4-hydroxyphenyl)-2"OXoethyl]-l,2-dimethyl-imidazoli\mi 
bromide; 

3-[2-(3,4-trimethylenedioxyphenyl)-2-oxoethyl]-l,2-dimethyl-imidazolimn 
bromide; 

3-[2-(4-biphenyl)-2-oxoethyl]-l,2-dimethyiimidazolium bromide; 
3-[2-(3,5-dichloroaniiino)-2-oxoethyl]- 1 ,2-dimethylimidazoIium bromide; 
3-[2-(4-trifluoromethylphenyl)-2-oxoethyl]-l,2-dimethylimidazolivim bromide; 
3-[2-(2,6-dichlorophenyl)-2-oxoethyl]- 1 ,2-dimethylimidazoIium bromide; 
3 -[2-(thiomorpholin-4-yl)-2-oxoethyl]- 1 ,2-dimethy limidazolium chloride; 
3-[2-(morpholin-4-yl)-2-oxoethyl]-l ,2-dimethylimidazolium chloride; 
3 - [2-(piperidin- 1 -y l)-2-oxoethyl]- 1 ,2-dimethylimidazolium chlori de; 
3-[2-hexamethyIeneimino-2-oxoethyl]-l ,2-dimethylimidazolium chloride; 
3-[2-heptamethyleneimino-2-oxoethyl]-l ,2-dimethylimidazolixmi chloride; 
3-[2-naphthyl-2-oxoethyl]-l ,2-dimethylimidazolium bromide; 
3-[2-(2-trifluoromethylphenyl)-2-oxoethyl]-l,2-dimethyIimidazolium bromide; 
3-[2-(2-trifluoromethylphenyl)-2-oxoethyl]-2,4,5-trimethylthiazolium bromide; 
3 -(2-methyl-2-oxoethyl)- 1 ,2-dimethylimidazolium chloride; 
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3-(2-phenyl-2-oxoethyl)-2-amino-l-methylbenzimic^^ chloride; 
3-[2-(tWomorpholm"4-yl)-2K)xoethyl]-l-methylim 

3-[2-(4-phenylpiperazin-l-yl)-2-oxoethyl]-l ,2-dimethylimidazoliiim chloride; 

3-[2-(4-benzylpiperazm-l -yl)-2-oxoethyl]-l ,2-dimethyliinidazoliurn chloride; 
5 3-[2-{6-(l,23,4-tetrahydro-lJ,4,4-telxamethyl-naphthaly0 
dimethyliroidazoliimi bromide; 

3-[2-(l ,4-benzodioxaii-6-yl)-2-oxoethyl]- 1 ,2-dimethyliimdazoliuin bromide; 

3-[2-(phenyl)-2-oxoethyl]-5-cMoro-3-raethyl-l -ethylimidazoiiimi chloride; 

3-[2-(phenyl)-2-oxoethyl]-4-methyl-2-ethyIthiazoliuin chloride; 
10 3-(2-phenyl-2-oxoethyl)-l-methyl-2-aminoimidazoliuin chloride; 

3-[2-(pyrrolidin-2-yl)-2-oxoethyl]-2-amino-l -rnethyliiiiidazoliuni chloride; 

3-(2-phenyI-2-oxoethyl)-l ,2-dimethyl-5-nitroiniidazoliiim chloride; 

3-[2-(4-ace1ylanilino)-2-oxoethyl]-l,2-dimethylimidazoliurQ chloride; 

3-[2-(4-carboe1hoxyaiiilino)-2-oxoethyl]-l^-dimethyliiiu^ 
1 5 3-[2-(2,6-diisoprdpylaiuliao)-2-oxoe1hyl]-l ,2-dimethyliniidazoli^ bromide; 

3-[2-amlino-2-oxoethyI]-l ,2-dimethyliinida2olium chloride; 

3-[(4-bromoanilirio)-2-oxoethy 1]- 1 ,2-dimethylimida2oliiim chloride; 

3-[2-(4-[moipholin-4-yl]phenyl>2-oxoethyl]-l ,2-dimethylimidazolium bromide; 

3-[2-dibutylamino-2-oxoethyl]-l ,2KhmethylimidazoKiim chloride; 
20 3-[2-(2,6-dicMoro-phenethylammo)-2-oxoethyl]-l,2-dimethylimidazoli^ 

3-[2-(3 -hydroxy-4-methoxycarbonylanilino)-2-oxoethyl3- 1 ,2- 
dimefhylimidazolium bromide; 

3-[2-cyclopentylamino-2-oxoethyl]-l ,2-dimethylimidazoliimi chloride; 

3-[2-neopentylaiiiiiio-2-oxoethyl]-l ,2-dimethylimida2olium chloride; 
25 3-[2-(pyridin-2-yl)-2-oxoethyl]-4,5-dimethylimidazolium bromide; 

3-(2-phenyl-2-oxoethyl)-l ,4,5-trimethylimidazolium chloride; 

3-(2-phenyl-2-oxoethyl)-l ,2,4,5-tetxamethylimidazoUxim chloride; 

3-[2-(6-[ 1 ,2,3 ,4-tetrahydroquinolinyl])-2-oxoethyl]- 1 ,2-dimethylimidazoliimi 
chloride; 

30 3-[2-(2,6-difluorophenyl)-2-oxoethyl]- 1 ,2-dimethylimidazohiun bromide; 

l-vinyl-3-[2-phenyl-2-oxoethyl]imida2olium chloride; 
1 -(4-hydroxyphenyl)-3-(2-phenyl-oxoethyl)imidazoliimi chloride; 
l-(4-acetylphenyl)-3-(2-phenyl-2-oxoethyl)iimda2olium chloride; 
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1 -methyl-3-(2-phenyl-2-oxoethyl)benziinidazoliiiin chloride; 
1 ,5-dicyclohexyl-3 -(2-phenyl-2-oxoethy l)imida2olium chloride; 
1 -(4-methoxycarbonylphenyl)-3-(2-phenyl-2-oxoethyl)irnidazolium chloride; 
l-ben2yl-3-(2-phenyl-2-oxoethyl)iniidazoliiim chloride; 
5 1 -(4-methoxyphenyl)-3-(2-phenyl-2-oxoethyl)iinidazolium chloride; 

3-[2-(tert-butylamino)-2-oxoethyl]-l ,2-dimethylimidazolium chloride; 
3-[2-(2,4-difluoroanilino)-2-oxoethyl]-l ,2-dimethylmiidazolium chloride; 
3-[2-(2,4,6-trimethylanilmo)-2K)xoethyl]-l ,2-dimethylm chloride; 
3-(2-cyclohexylainino-2-oxoethyl)-l ,2-dime1hylimidazoliu^ chloride; 
10 3-[2-(4-carboxy-3'-hydroxyaniIino)-2-oxoethyl)-l52Hiimethylimi^ 
chloride; 

3-[2-([2-morpholm"4-yl]ethylammo)-2-oxoethyl]-l,2-dimethyli^^ 
chloride; 

3-[2-(3 -[2-methylpiperidin- 1 -yl]propylamino)-2-oxoethyl]- 1 ,2- 
1 5 dimethylimidazolium chloride; 

3-(2-vera1iylainino-2-oxoethyl)-l ,2-dimethyliinidazolium chloride; 

3-[2-(thiazolidin-3-yl)-2-oxoethyl]-l ,2-dimethylimidazoliim chloride; 

3-[2-(l-adamantanainmo)-2-oxoethyl]-l ,2-dimethylimida2olium chloride; 

3-[2-(2-adamaiitanammo)-2-oxoethyl]-l ,2-dimethylimidazoIiiim chloride; 
20 3-[2-(2-indanylannno)-2-oxoethyl]- 1 ,2 -dimethylimidazolium chloride; 

3-[2-(2'-[3"-chlorobenzoyl]-5-chloroanllino)-2-oxoethyl]-l,2< 
dimethylimidazolium chloride; 

3-[2-(4-ethoxycarbonylthiazoI-2-yl)amino-2-oxoethyl]- 1 ,2-dimethylimidazolium 
chloride; 

25 3-(cyclohexylamino-2-oxoethyl)-2,4,5-trimethylthiazolium chloride; 

3-[2-(2-cUoroaiulino)-2-oxoethyl]-l ,2-dimethylimidazolium bromide; 
3-[2-(2-chloroanilino)-2-oxoethyl]-2,4,5-trimethylthiazoIium bromide; 
3-[2-(3,4-dimethoxyphenethylamino)-2-oxoethyl]-l,2-dimethylimidazolium 
chloride; 

30 3-[2-(2,4-dichloroaniliiio)-2-oxoethyl]-l ,2-dimethylimidazoli\mi chloride; 

3-[2-(2,6-dichloroanilino)-2-oxoethyl]-l,2-dimethylimidazolium chloride; 
3-[(2-pyrrolidin-l -yl)-2-oxoethyl]-l ,2,4,5-tetramethylimidazolium chloride; 
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3 -[2-(4-|pym)Udin- 1 -yl]piperidm- 1 -yI)-2-oxoethyl]- 1 ,2-^^ 
chloride; 

3 -[2-(4-[piperidin- 1 -yl]piperidin- 1 -yl)-2-oxoethyl]- 1 ,2-dimethyliinicia2olium 
chloride; 

5 3-[2-(2,6-difluoroardlino)-2-oxoethyl]-l ,2-dimethylimidazolium chloride; 

3-(2-cyclobu1ylainino-2-oxoethyl)-l ,2-dimethyliiiiidazoliiuTi chloride; 
3-[2-(3,5-difluoroamlino)-2-oxoethyl]-l,2-dimethylimidazolium chloride; 
3-[2-(2-fluoroanilino)-2-oxoethyl]-l ,2-dimethylimidazoliuin chloride; 
3-[2-(lR,2R,3R,5S-isopinocampheylaxnino)-2-oxoethyl]-l,2- 
dimethylimidazolium chloride; 

3-[2-(l,33-trime%l"6-a2abicyclo[3,2,l]octanyl>2-oxoethyl]-^ 
dimethylimidazolium chloride; 

3-[2-(6,7-dimethoxy-],2,3,4-telTahydroisoquinolin-2-yl)-2-oxoethyl]-l,2- 
dimethylimidazolium chloride; 

3-[2-(l^,3,4-tetrahydro-l-naphthylamino)-2K>xoethyl]-l,2-dimethyUmid 
chloride; 

l-(4-me1hoxyphenyl)-3-aminoimidazoliuin mesitylenesulfonate; 
1 -beiizylO-aniinoimidazolium mesitylenesulfonate; 
l-vmyl-3-aminoimidazoliiini mesitylenesulfonate; 
I-methyl-3-aminoimidazoliiim mesitylenesulfonate; 
1 -(4-methoxycarbonylphenyl)-3-aniinoimidazolium mesitylenesulfonate; 
3-(2-phenyl-2-hydroxyethyl)-4,5-dimethylthiazoli\mi; 
S(-) 3-(2-Phenyl-2-hydroxyethyl)-4,5-dimethylthia2olium chloride; 
R(-) 3-(2-Phenyl-2-hydroxyethyl)-4,5-dimethylthiazolium chloride; 
3-[2-(2-Hydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 
3-[2-(3-Hydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazoliimi bromide; 
3-[2-(4-Hydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 
3-(2-phenyl-2-oxoethyl)-4-methyl-5-(hydroxymethyl)-thiazolium chloride; 
3-[2-(2,4-dihydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 
3-[2-(3,5-dihydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazohum bromide; 
3-[2-(2,S-dihydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazoIiumbroniide; 
3-[2-(3, 4-dihydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazoliimi chloride; 
3-[2-(2', 3 '-dihydroxyphenyl>2-oxoethyl]-4,5-dimethyltlua2olium; 
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thiamine hydrochloride; 

(1 -ethyl-hexanoate)-3-[2-(4-cUorophenyl)-2-oxoethyl]imidazoliiim bromide; 
3-[2-[6-[l ,2,3,44etrahydro-l,l,4, 4-tetramethyl-naphthalyl]]-2- 
oxoethyl]thiazoliuin bromide; 
5 3-[2-(3,5-dichloroamlino)-2-oxoethyl]thiazolium bromide; 

3 -[2-(4-biphenyl)-2-oxoethyl]thia2oliinn bromide; 
Cocarboxylase (diphosphate ester of thiamine HCl); 
monophosphate ester of thiamine HCl; 

3-[2-(9H-fluoren-2-yl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 
10 3-[2-{6-(l,2,3,4-tetrahydro-l,l,4,4-tetramethyl-naphthalyl)}-2-oxoethyl]-4,5- 
dimethylthiazoliimi bromide; 

3-[2-{5-(3-phenylisoxa2olyl)}-2-oxoethyl]-4,5-dimethylthia2olium bromide; 

3-[2-(4-biphenyl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 

3-[2-(3,5-dichloroanilino)-2-oxoethyl]-4,5-Klimethylthiazoliiim bromide; 
15 3-[2-{6-[l,2,3,4-tetrahydro-l,l,4,4-tetramethyl-naphthalyl]}-2-oxoethyl]-4- 
methyl-5-(2-hydroxyethyl)thiazolium bromide; 

3-[2-(3-phenylisoxazol-5-yl)-2-oxoethyl]-4-methyl-5-(2-hydroxyethyl)thiazolium 
bromide; 

3-[2-(4-biphenyl)-2-oxoethyl]-4-methyl-5-(2'-hydroxyethyl)thia2oli\mi bromide; 
20 3-[2-(3,5-dichloroaniIino)-2-oxoethyI]-4-methyI-5-(2-hydroxyethyl)thiazoIium 
bromide; 

3-{[2-(3-methoxybenzoyl)amino]benzyI}-455-dimethylthiazolium bromide; 

3-[2-(2-amino-5-carboethoxymethylene-thiazolyl)-2-oxoethyl]-4,5- 
dimethyithiazolium choride; 
25 3-[2-(morpholin-4-yl-2-oxoethyl]-4,5-dimethylthiazoUum bromide; 

3-[2-(2j6-dimethylmorphoHn-4-yl)-2-oxoethyl]-4,5-dimethylthiazoliimi bromide; 

3-[2-(piperidin- 1 -yl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 

3-[2-(fur-2-yl)-2-oxoethyl]-4,5-dimethylthia2olium bromide; 

3-[2-[6-(2-oxo-l,2,3,4-tetrahydroquinolinyl)]-2-oxoethyl]-4,5- 
30 dimethylthiazolium bromide; 

3-[2-(pyrrolidin-l-yl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 

3-[2-(4-carboxyanilino)-2-oxoethyl)-4,5-dimethylthiazolium chloride; 
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3-[2-(2-{3-methylben2o|T5]lMenyl})-2-oxoethyI]-4,5-dimethyI^ 
bromide; 

3-[2-(4-phenylpipera2in-l -yl)-2-oxoethyl]-4,5-dimethyllM bromide; 
3-[2-(4-fluorophenyl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 
5 3-[2-(4-methoxyphenyl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 

3-[2-(4-trifluoromethyl)-2-oxoethyl]'4,5-dimethyl-thiazolium bromide; 
3-[2-(2,4-difluorophenyl)-2-oxoethyl]-4,5-dimethylthiazoliiun bromide; 
3-[2-(2,4,6-1ximethylphenyl)-2-oxoethyl]-4,5--dimethylthiazolium chloride; 
3-[2-tert-butyl-2-oxoethyl]-4,5-dimethylthiazolium chloride; 
3-[2-(2,4-dichlorophenyI)-2-oxoethyl]-4,5-dimethylthiazolium chloride; 
3-[2-(4-Diethylaminophenyl)-2-oxoethyl]-4,5-dimethylthiazoliiim chloride; 
3-(2-methyl-2-oxoethyl)-4,5-dimethylthiazoliimi chloride; 
3-[2-(2,6-dichlorophenyl)-2-oxoethyl]-4,5-dimethylthiazolium chloride; 
3-(2-phenyl-2-oxoethyl)-4-phenylthiazoliimi chloride; 
3-[2-(2,4-dichlorophenyl)-2-oxoethyl]-4-phenylthia2X)Uiim chloride; 
3-[2-(2,4,6-trimelhylphenyl)-2-oxoethyl]-4-phenylthiazoliiim bromide; 
3-(2-methyI-2-oxoethyl)-4-methyI-5-(hydroxyethyl) thiazolium chloride; 
3-[2-(2,4-diclilorophenyl)-2-K)xoethyl]-4-methyl-5-(2-hydroxyethyl)thiazolium; 
3-[2-(2,4,6-trimethylphenyl)-2-oxoetibyl]-4-methyl-5-(2-hydroxyethyl)t^ 
chloride; 

3-(l -methyl-2-phenyl-2-oxoethyl)-4,5-dimethylthiazolium chloride; 
3-(phenylthiomethyl)-4,5-dimethylthiazolium chloride; 
3-[2-(thien-2-yl)-2-oxoethyl]-4,5-dimethylthiazolium bromide; 
3-[2-(2-thien-2-yl)-2-oxoethyl]-4-methyl-5-<2-hydroxyethyl)thiazoliim 
3-[2-phenyI-2-oxoethyl]-4,5-cyclohexenyl-thiazolium bromide; 
3-[2-(2,4-dichlorophenyl)-2-oxoethyI]-4,5-cyclohexeno-thiazolium chloride; 
3-(2-phenyl-2-oxoethyl)-4,5-cyclopenteno-thiazoUimi bromide; 
3-[2-(2,4-dichlorophenyl)-2-oxoethyl]-4,5-cyclopenteno-thiazolium chloride; 
3-[2-(2,4,6-trimethylphenyl)-2-oxoethyl]-4,5-cyclopenteno-tMazoUum bromide; 
3-[2-(2,4,6-trimethylphenyl)-2-oxoethyl]-4,5-cyclopenteno-thia2olixim bromide; 
3-(2-cyanomethyI)-4,5-cycIohexeno-thiazolium bromide; 
3-(2-cyanomethyl)-4,5-cycIopenteiio-thiazolium bromide; 
3-(2-cyanomethyl)-4,5-dimethyl-thiazoUum bromide; 



wo 02/07725 



-40- 



PCT/USOl/22214 



3-(2-metliyl-2-oxoethyl)-4,5-cyclopenteno-thiazolium chloride; 
3-(2-cyanomethyl)-4-methyl-5-(2-hydroxyethyl)tMazoIium bromide 
3"(2-phenyl-2-oxoethyl)-4-methyl-5-(hydroxyethylsuccinyl)thiazonuin chloride; 
3-[2-(thien-2~yl)-2-oxoethyl]-2,4,5-triinethyIthiazolium bromide; 
5 3 -amino-4-methy 1-5 -(2-hy droxy ethy l)-thiazolium bromide; 

3 -(2-pheny 1-2-oxoethy l)-2,4,5 -trimethy Ithiazolium chloride; 
3-amino-2,4,5-trimethylthiazoliummesitylenesulfonate; 
3-[2-(4-{2-methoxyphenyl}piperazin-l-yl)-2-oxoe1hyl]-4,5-dimethylthiazolium 
chloride; 

10 3-[2-hydroxy-2-oxoethyl]-4,5-dimethylthiazolium chloride; 

3-(2-phenyl-2-oxoethyl)-2-aminothiazolium chloride; 
3-[2-(tWomorpholin-4-yl)-2-oxoethyl]-5-hydroxyethyl-4-methylthiazolium 
chloride; 

3-[2-(4-trifluoromethylphenyl)-2-oxoe1hyl]-2,4,5-trunethylthia^ 
15 3-[2-phenyl-2-oxoethyl]-2-isobutylfhiazolium chloride; 

3-[2-(thiomorpholin-4-yl)-2-oxoethyl)-2,4,5 trimethylthiazolium chloride; 

3-(2-amino-2"OXoethyl)-2-methylbenzothiazoliimi chloride; 

3-[2-(4-acetanilino)-2-oxoethyl]-2,4,5-trimethylthiazolium chloride; 

3-[2-(4-carboe1hoxyanilino)-2-oxoethyl]-2,4,5-trimethylthiazoliimibroimde; 
20 3-[2-(2,6-diisopropylanilino)-2-oxoethyl]-2,4,5-trimethyltliiazolium bromide; 

3-[(4-bromoanilino)-2-oxoethyl]-2,4,5-trimethylthiazolium chloride; 

3-[2-(2-naphthyl)-2-oxoethyI]-4,5-dimethylthiazolium bromide; 

3-[2-([3-phenylisoxazol-5-yl])-2-oxoethyl]thiazolium bromide; 

3-methyJ-4,5-dimethythiazolium chloride; 
25 3-ethyl-4,5-dimethyltliiazoiium bromide; 

3-[2-(4'-acetoxyphenyl)-2-oxoethyl]-4,5-dimethylthiazoliiim bromide; 

3-[2-phenyl-2-oxoethyl]-4-methyl-5-(ethoxycarbonyl)thia2olixim chloride; 

3-[2-(4-diethylaminophenyl)-2-oxoethyI]ihiazolium chloride; 

l-methyl-3-(2-cyanomethyl)imida2olium bromide ; 
30 3-(2-cyanomethyl)-4,5-dimethylthiazolium bromide; 

3-(2-cyanomethyl)-4,5-cyclopentenothiazolium bromide; 

3-(2-cyanomethyl)-4,5-cyclohexenothiazolium bromide; 

l-methyl-3-(2-cyanomethyl)imidazolium bromide; 
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l-vmyl-3-(2-cyanomethyl)iimdazolium chloride; 
l-aiIyl-3-(2-cyanomethyl)imidazoliiim chloride; 
l-(4-acetylphenyl)-3-(2-cyanomethyl)iinida2oliuin chloride; 
1 -phenyl-3-(2-cyanomethyl)imidazolium chloride; 
5 1 -(4-methoxyphenyl)-3 -(2-cyanomethy l)imidazoIium chloride; 

1 -(4-methoxycarbonylpheny l)-3-(2-cyanomethyl-imidazoIiimi chloride; 
3-(2-cyanomethyl)-l-methylbenzimidazoIium chloride; 
1 ,5-dicyclohexyl-3-(2-cyanomethyl)imida2olium bromide; 

10 as well as other biologically or pharmaceutically acceptable salts thereof. 

Compounds of the general formula I wherein the R^, X, Y, and Z are defined 
as above can be prepared by the methods of US 5,656,261; 5,853,703; and 6,007,865; or 
as described below. Moreover, certain of the compounds are conveniently prepared by 
chemical syntheses that are well-known in the art. In addition, certain of the compounds 

15 are well-known and readily available from chemical supply houses or can be prepared by 
synthetic methods specifically published therefor. The chemical reagents shown in the 
schemes below provide nonlimiting examples of means well known in the art to carry 
out the reaction steps shown. 

Compounds of the invention wherein Y is CH(R^)-C(0)-R^ can be prepared 

20 according to the synthetic route depicted m Scheme 1 (wherein R^ R^, R^ M, Q, and 
Z are as described above, and X is a halide). An acetyl derivative with a suitable a a 
leaving group, for example, an a-halo acetyl derivative, can be used to alkylate a suitably 
substituted thiazole, oxazole, or imidazole. The alkylation reaction may be conducted at 
elevated temperatures in a suitable solvent, for example, acetonitrile or ethanol, or 

25 without solvent. 



Scheme 1 r>6 
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Compounds of the invention wherein is a group of the formula -CH(OH)Rs 
may be prepared as shown in Schemes 2 and 3 (see below). In the nonhmiting 
exemplary synthetic schemes below, some product compounds are shown as specific 
optical isomers and others are shown as racemic compounds. One skilled in the art will 
5 appreciate that appropriate reaction conditions and reagents, that are well known in the 
art, can be used to customize the degree of reaction stereoselectivity. Thus, isolated 
stereoisomers are within the scope of compounds of the invention. For example, 
compound 2 can be obtained as a racemic mixture from compound 1 or as an S 
(compound 2a) or R stereoisomer depending on the reducing agent employed. 

10 Substitution of comparable reagents to achieve different stereoselectivity, even when not 
shown explicitly by the scheme, is well known in the art at the time of filing. Moreover, 
synthetic processes and stereoselective purifications, such as chromatography on 
stereoselective media can be used to achieve 90%, 95%, 98%, 99% or better isomeric 
purity, such that compositions substantially j&^e of the non-desired isomer can be 

15 prepared. 

A synthetic scheme for making compounds of the formula I wherein Y is 
CH2CH(0H)Rs is shown in Scheme 2. A hydroxyl is incorporated into a nucleophile 
used to derivatize a thiazole compoimd, as follows: 



Scheme 2 

Rs 




20 where Lv is a leaving group such as chloro. In a related synthesis. Compound 1 is 
reduced with a stereoselective reducing agent such as (-) DIP-chloride [(-)-B- 
chlorodiisopinocampheylborane] or (+) DIP-chloride [(+)-B- 
chlorodiisopinocampheylborane]. For example: 



wo 02/07725 PCT/USO 1/222 14 

-43- 



Scheme 3 




1 2a 3a 

Substitution of (+) DIP-chioride results predominately in the mirror image to compound 
3a. 

Scheme 4 exemplifies methods of preparing compounds of the formula I wherein 
5 Y is a group of the formula -CHiR^ wherein is a substituted or imsubstituted benzoyl 
moiety. In this particular preparation, acetophenones substituted in the phenyl moiety 
with hydroxy groups are derivatized to add a leaving group to the alpha methyl group, 
and the resulting intermediate is then used to alkylate thiazoles, as exemplified below: 



Scheme 4 ^ /=\^0H 



EtOAc/CHCI, < ^=^R R^-^S^ ^ 



1 Qr~\^^ 



EtOAc/CHCU \ R'' 

10 * 5 6 

In another synthesis, the preparation of compounds of the fonnvila I wherein R'^ is 
-CH2OH are exemplified. Formamide is first converted to thioformamide by reaction 
with phosphorus pentasulfide. Thioformamide is reacted with ethyl 2-chloroacetoacetate 
in dry dioxane as follows: 
Scheme 5 



HzN^H 
S 



CI 

EtO, 



MgCOa jX LiAIH4 jT > 

dioxane EtO>,y^s Et20 HOv.^x*--s 




O 



7 8 



15 O O 

Compound 8 can then be reacted with a suitable alkylating agent to make a compound of 
the invention. 
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Where R' is -CH2OH and is -CH3 in Formula I, the route shown in Scheme 6 
can be used. The preparation of a thiazole analog containing a 4-hydroxymethyl group, 
for example, is shown below: 
Scheme 6 



0CH2CH3 I;'2S. H2SO4 

+ hydroquinone S 

OCH2CH3 AcOH X 

OCH2CH3 ^ '^OEt 



HO-^N '-iAIH4 





EtOH 
45-50 C 



5 10 9 

Compound 10 can then be alkylated with a suitable alkylating agent to make a compound 
of the invention. 

Note that reaction conditions indicated in the various reaction schemes are 
exemplary: such conditions as solvent and temperature are subject to modification within 
10 ordinary skill. 

A useful synthetic route for the preparation of compounds of formula I wherein Y 
is -CH(R^)CN is shown in Scheme 7. 
Scheme 7 

r1 H CN 

Xt^ * x-lcN R's«^ X® 



M 



11 12 M 

13 

wherein M, Q, R*, R^ R^Y and Z are as described in the text above, and X is a halide, 
15 . mesitylenesulfonate or other biologically acceptable anion. In Scheme 7, the 

appropriately substituted imidazole, oxazole, or thiazole of formula 11 is contacted with 
a (e.g.) halo substituted acetonitrile of formula 12 to produce compounds of the formula 
13. The reaction can be performed without any added solvent, or an anhydrous solvent 
can be utilized as the solvent medium. When a solvent is used, acetonitrile is a typical 
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solvent for this reaction. Reaction times vaiy according to particular reactants and 
conditions, but are usually in the range of a few minutes to 48 hours at a temperature of 
25-130«C. 

Compounds of the formula 17 (below), wherein Y contains a carboxamido 
5 moiety, can be synthesized according to method depicted in Scheme 8. An appropriately 
substituted amine can be condensed with an activated acetyl analog (for example, an acid 
chloride or acid anhydride), containing an additional leaving group alpha to the carbonyl 
group, to provide the carboxamide 15. Compound 15 can then be used to alkylate the 
heterocycle 16 to yield a compound of the invention 17. 



10 



Scheme 8 p9 



O 



,,A^.v. ^ .K^X^.. 



14 15 



17 M 



Other alkylation conditions can also be used. For example, thiazoles and 
imidazoles can be alkylated at the 1 -position or the 2-position by vapor phase alkylation 

15 over an appropriate solid catalyst, using the corresponding alcohol as the alkyl source. 
See, Ono et al., in Catalysis by Microporous Materials, Studies in Surface Science and 
Catalysis, Vol. 94, Beyer et al., Eds., 1995, polypeptide.697-704. Appropriate catalysts 
include zeolite H-Y, zeolite H-ZSM-5 and H3PW12O40 supported on siUca. Reaction 
conditions typically include high temperatures, such as 260 and 300 °G. 

20 In addition, N-aryl substituted thiazoliums, oxazoliums and imidazoliums can 

also be prepared. For example, fluoro phenyl compounds such as 4-fluorobenzoic acid 
methyl ester can be used to substitute the nitrogen of imidazole to make methyl-4- 
(IH-imidazol-l-yl)benzoate. See, Morgan et al., J. Med Chem. 33: 1091-1097, 1990. 
These aryl substituted imidazoliimis can then be reacted with an alkylating agent, for 

25 example, an a-haloacetophenone analog, to prepare a compound of the invention. Also, 
the amine functions of imidazoles or amine-substituted thiazoles can be acylated by 
dehydration or other methods known in the art 
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S-Aminothiazoliums, 3-aminooxa2oliums, and 1 -alky 1-3 -aminoimidazolitims can 
be prepared by reaction with 0-mesitylene sulfonylhydroxylamine in methylene 
chloride. The product mesitylenesulfonate salts can be converted to their chloride salts 
through ion exchange with strongly basic anion exchange resins. 
5 Substituted oxazole intermediate that are suitable intermediates for the alkylation 

reactions, such as those shown in Schemes 1 and 7, can be prepared by methods known 
in the art. For instance, 2-unsubstituted oxazoles can be formed by condensation of 
formamide with either a-hydroxy or a-haloketones intermediates (H. Bredereck, R. 
Gommpper, H. G. v. Shuh and G. Theilig, m Newer Methods of Preparative Organic 
10 Chemistry, Vol. Ill, ed. W. Foerst, Academic press, New York, 1964, p. 241). The 

intermediates can cyclize under acid conditions to form the oxazole ring (Scheme 9). In 
addition, 2,4-disubstituted oxazoles can be prepared from a-haloketones and amides at 
higher temperatures using the same method. 

Scheme 9 



15 




Oxazoles can be prepared by cyclization reactions of isonitriles (van Leusen, A. 
M. Lect Heterocycl Chem, 1980, 5, SI 1 1 ; Walborsky, H. M.; Periasamy, M. P. in The 
Chemistjy of Functional Groups, siippl C, Patai, S., Rappoport, Z,, Eds, Wiley- 

20 Interscience, 1983, p. 835; Hoppe, D. Angew, Chem. Int. Edn. Engl, 1974, 13, 789: 
Schollkopf, U. Angew. Chem Int. Ed. Engl, 1977, 16, 339). For example, as shown 
below in Scheme 10, the tosylmethyl isocyanide can be deprotonated by a base and 
reacted with a suitable electrophile (e.g. an aldehyde). The intermediate can cyclize and 
aromatize to provide the desired oxazole intermediate. The intermediate can then be N- 

25 alkylated by the above-described methods to furnish a compoxmd of the invention. Other 
methods for preparing oxazole intermediates include 1 ,5-dipolar cyclization of acylated 
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nitrile ylides (Taylor E. C; Turchi, 1. J. Chem. Rev., 1979, 79, 181 : Huisgen, R. Angew. 
Chem. Int. Edn. Engl. 1980, 19, 947). 



Scheme 10 



O. XI 1. Base 

N=C ^ 



>=o 

H 



Benzoxazole interaiediates substituted at the 2 position can be prepared from 2- 
anmiophenols by acylation with, for example, with an acid chloride and cyclization 
(Scheme 11), The intermediate can then be N-alkylated by the above-described methods 
to furnish a compound of the invention. 

10 

Scheme 11 ^ ^ 



To treat the indications of the invention, an effective amount of a pharmaceutical 
compound will be recognized by clinicians but mcludes an amount effective to treat, 

1 5 reduce, ameliorate, eliminate or prevent one or more symptoms of the disease sought to 
be treated or the condition sought to be avoided or treated, or to otherwise produce a 
clinically recognizable change in the pathology of the disease or condition. 

Pharmaceutical compositions can be prepared to allow a therapeutically effective 
quantity of the compound of the present invention, and can include a pharmaceutically 

20 acceptable carrier, selected from known materials utilized for this purpose. See, e.g.. 
Remington, The Science and Practice of Pharmacy, 1995; Handbook of Pharmaceutical 
Excipients, 3^^ Edition, 1999. Such compositions can be prepared in a variety of forms, 
depending on the method of administration, such as sublingual, rectal, nasal, vaginal, 
topical (including the use of a patch or other transdermal delivery device), by pulmonary 

25 route by use of an aerosol, or parenteral, including, for example, intramuscular, 
subcutaneous, intraperitoneal, intraarterial, intravenous or intrathecal.. 
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In addition to the subject compound, the compositions of this invention can 
contain a pharmaceutically-acceptable carrier. The term "pharmaceutically-acceptable 
carrier", as used herein, means one or more compatible solid or liquid filler diluents or 
encapsulating substances that are suitable for administration to an animal, including a 
5 mammal or himian. The term "compatible", as used herein, means that the components 
of the composition are capable of being commingled with the subject compound, and 
with each other, such that there is no interaction that would substantially reduce the 
pharmaceutical efficacy of the composition under ordinary use. Preferably when liquid 
dose forms are used, the compounds of the invention are soluble in the components of 
10 the composition. Pharmaceutically-acceptable carriers should, of course, be of 
sufficiently high purity and sufficiently low toxicity to render them suitable for 
administration to the animal being treated. 

Some examples of substances which can serve as pharmaceutically-acceptable 
carriers or components thereof are sugars, such as lactose, glucose and sucrose; starches, 
1 5 such as com starch and-potato starch; cellulose and its derivatives, such as sodium 
carboxymethyl cellulose, ethyl cellulose, and methyl cellulose; powdered tragacanth; 
malt; gelatin; talc; solid lubricants, such as stearic acid and magnesium stearate; 
calcium sulfate; vegetable oils, such as peanut oil, cottonseed oil, sesame oil, olive oil, 
com oil and oil of theobroma; polyols such as propylene glycol, glycerine, sorbitol, 
20 mannitol, and polyethylene glycol; alginic acid; emulsifiers, such as the Tween™ brand 
emulsifiers; wetting agents, such sodium lauryl sulfate; coloring agents; flavoring 
agents; tableting agents, stabilizers; antioxidants; preservatives; pyrogen-free water; 
isotonic saline; and phosphate buffer solutions. The choice of a pharmaceutically- 
acceptable carrier to be used in conjunction with the subject compound is basically 
determined by the way the compound is to be administered. If the subject compound is 
to be injected, the preferred pharmaceutically-acceptable carrier is sterile, physiological 
saline, with a blood-compatible suspending agent, the pH of which has been adjusted to 
about 7.4. 

If the preferred mode of administering the subject compound is perorally, the 
preferred unit dosage form is therefore tablets, capsules, lozenges, chewable tablets, and 
the like. Such unit dosage forms comprise a safe and effective amount of the subject 
compound, which is preferably from about 0.7 or 3.5 mg to about 280 mg/ 70 kg, more 
preferably from about 0.5 or 10 mg to about 210 mg/ 70 kg. The pharmaceutically- 



wo 02/07725 PCT/USO 1/222 14 

• 49 - 

acceptable carrier suitable for the preparation of unit dosage forms for peroral 
administration are well-known in the art. Tablets typically comprise conventional 
phannaceutically-compatible adjuvants as inert diluents, such as calcium carbonate^ 
sodium carbonate, maimitol, lactose and cellulose; binders such as starch, gelatin and 
5 sucrose; disintegrants such as starch, alginic acid and croscarmelose; lubricants such as 
magnesium stearate, stearic acid and talc. Glidants such as silicon dioxide can be used to 
improve flow characteristics of the powder-mixture. Coloring agents, such as the FD&C 
dyes, can be added for appearance. Sweeteners and flavoring agents, such as aspartame, 
saccharin, menthol, peppermint, and fruit flavors, are useful adjuvants for chewable 

10 tablets. Capsules typically comprise one or more solid diluents disclosed above. The 
selection of carrier components depends on secondary considerations like taste, cost, and 
shelf stability, which are not critical for the purposes of this invention, and can be readily 
made by a person skilled in the art. 

Peroral compositions also include liquid solutions, emulsions, suspensions, and 

15 tiie like. The pharmaceutically-acceptable carriers suitable for preparation of such 
compositions are well known in the art Such liquid oral compositions preferably 
comprise from about 0.012% to about 0.933% of the subject compound, more preferably 
from about 0.033% to about 0.7%. Typical components of carriers for syrups, elixirs, 
emulsions and suspensions include ethanol, glycerol, propylene glycol, polyethylene 

20 glycol, liquid sucrose, sorbitol and water. For a suspension, typical suspending agents 
include methyl cellulose, sodium carboxymethyl cellulose, cellulose (e.g. Avicel™, RC- 
591), tragacanth and sodiiun alginate; typical wetting agents include lecithin and 
polyethylene oxide sorbitan (e.g. polysorbate 80). Typical preservatives include methyl 
paraben and sodium benzoate. Peroral liquid compositions may also contain one or more 

25 components such as sweeteners, flavoring agents and colorants disclosed above. 

Other compositions-useful for attaining systemic delivery of the subject 
compoxmds include sublingual and buccal dosage forms. Such compositions typically 
comprise one or more of soluble filler substances such as sucrose, sorbitol and mannitol; 
and binders such as acacia, microcrystalline cellulose, carboxymethyl cellulose and 

30 hydroxypropyl methyl cellulose. Glidants, lubricants, sweeteners, colorants, antioxidants 
and flavoring agents disclosed above may also be included. 

Compositions can also be used to deliver the compound to the site where activity 
is desired; such as eye drops, gels and creams for ocular disorders. 
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Compositions of this invention include solutions or emulsions, preferably 
aqueous solutions or emulsions comprising a safe and effective amoimt of a subject 
compound intended for topical intranasal administration. Such compositions preferably 
comprise ftom about 0.01% to about 10.0% w/v of a subject compound, more preferably 
5 from about 0. 1 % to about 2.0%. Similar compositions are preferred for systemic 

delivery of subject compounds by the intranasal route. Compositions intended to deliver 
the compound systemically by intranasal dosing preferably comprise similar amoimts of 
a subject compound as are determined to be safe and effective by peroral or parenteral 
administration. Such compositions used for intranasal dosing also typically include safe 

10 and effective amoxmts of preservatives, such as benzalkonium chloride and thimerosal 
and the like; chelating agents, such as edetate sodium and others; buffers such as 
phosphate, citrate and acetate; tonicity agents such as sodium chloride, potassixmi 
chloride, glycerin, mannitol and others; antioxidants such as ascorbic acid, acetylcystine, 
sodium metabisulfote and others; aromatic agents; viscosity adjusters, such as 

15 polymers, including ceUulose and derivatives thereof; and polyvinyl alcohol and acids 
and bases to adjust the pH of these aqueous compositions as needed. The compositions 
may also comprise local anesthetics or other actives. These compositions can be used as 
sprays, mists, drops, and the like. 

Other preferred compositions of this invention include aqueous solutions, 

20 suspensions, and dry powders comprising a safe and effective amount of a subject 
compound intended for atomization and inhalation administration. Such compositions 
are typically contained in a container with attached atomisdng means. Such compositions 
also typically include propellants such as chlorofluorocarbons 12/1 1 and 12/1 14, and 
more environmentally friendly fluorocarbons, or other nontoxic volatiles; solvents such 

25 as water, glycerol and ethanol, including cosolvents as needed to solvate or suspend the 
active agent; stabilizers such as ascorbic acid, sodium metabisulfite; preservatives such 
as cetylpyridinium chloride and benzalkonium chloride; tonicity adjusters such as 
sodivun chloride; buffers; and flavoring agents such as sodium saccharin. Such 
compositions are useful for treating respiratory disorders, such as asthma and the like. 

30 Other preferred compositions of this invention include aqueous solutions 

comprising a safe and effective amount of a subject compound intended for topical 
ocular administration. Such compositions preferably comprise from about 0.01% to 
about 0.8% w/v of a subject compound, more preferably from about 0.05% to about 
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0.3%. Such compositions also typically include one or more of preservatives, such as 
ben2alkonium chloride or thimerosal; vehicles, such as poloxamers, modified celluloses, 
povidone and purified waten tonicity adjustors, such as sodium chloride, maimitol and 
glycerin; buffers such as acetate, citrate, phosphate and borate; antioxidants such as 
5 sodium metabisulfite, butylated hydroxy toluene and acetyl cysteine; acids and bases 
can be used to adjust the pH of these fomiulations as needed. 

Other preferred compositions of this invention useful for peroral administration 
include sohds, such as tablets and capsules, and liquids, such as solutions, suspensions 
and emulsions (preferably in soft gelatin capsules), comprising a safe and effective 

10 amount of a subject compoimd. Such compositions can be coated by conventional 

methods, typically with pH or time-dependent coatings, such that the subject compound 
is released in the gastrointestinal tract at various times to extend the desired action. Such 
dosage forms typically include, but are not limited to, one or more of cellulose acetate 
phthalate, polyvinylacetate phthalate, hydroxypropyl methyl cellulose phthalate, ethyl 

1 5 cellulose, Eudragit™ coatings, waxes and shellac. 

The compoimds of the invention are administered by ocular, oral, parenteral, 
including, for example, using formulations suitable as eye drops. For ocular 
administration, ointments or droppable liquids n^iy be delivered by ocular delivery 
systems known to the art such as applicators or eye droppers. Such compositions can 

20 include mucomimetics such as hyaluronic acid, chondroitin sulfate, hydroxypropyl 
methylcellulose or polyvinyl alcohol, preservatives such as sorbic acid, EDTA or 
benzylchromium chloride, and the usual quantities of diluents and/or carriers. See, 
Remington's Pharmaceutical Sciences, 16th Ed., Mack Publishing, Easton, PA, 1980, as 
well as later editions, for information on pharmaceutical compounding. 

25 Numerous additional administration vehicles will be apparent to those of ordinary 

skill in the art, including without limitation slow release formulations, liposomal 
formulations and polymeric matrices. 

In another preferred embodiment, the pharmaceutically effective amount is 
approximately 0.1 or 0.5 to 4 mg/kg body weight daily. Still more preferably, the 

30 pharmaceutically effective amount is approximately 1 mg/kg body weight daily. In a 
preferred embodiment, the amount is administered in once daily doses, each dose being 
approximately 1 mg/kg body weight. 
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The activity of the compounds of the invention in breaking , reversing or 
inhibiting the formation of AGE' s or AGE-mediated crosslinks can be assayed by any of 
the methods described in US Patent 5,853,703. 

The following examples further illustrate the present invention, but of course, 
5 should not be construed as in any way limiting its scope. 

Example 

Rats received a daily intraperitoneal dose of 10 mg/kg 3-[2-phenyl-2-oxoethyl]- 
4,5-dimethyl-thiazolium salt (compound A) (n=14) or placebo (n=l 5) for 30 days. The 

1 0 animals then underwent a thoracotomy and the left anterior descending coronary artery 
ligated. The chest was then closed and the animals allowed to recover for 14 days while 
continuing to be treated with compound A or placebo. The animals were then sacrificed 
and the hearts removed for histological examination. The weight of the infarcted tissue 
was 0.16±.04 g for the placebo treated animals compared to 0.1 1±.05 g for the compoimd 

15 A treated animals (p=0.04). The thickness of the ventricular wall in the infarcted zone 
was also reduced in the compound A treated animals compared to placebo (2.72±.13 mm 
vs. 2.56±.22 mm, p=0.09). 

EXAMPLE 1. 3-(2-Phenyl-2-hydroxyethyI)-4,5-.dimetiiylthiazolium chloride: 2- 
20 Chloro-I-phenylethanol: 

2- Chloroacetophenone (5.0 g, 32 mmol) was dissolved in methanol (25 mL) and cooled 
to O^C. Sodium borohydride (1.2 g, 32 mmol) was added and stirred at O^^C for 30 
minutes. The reaction mixture was neutraUzed by adding cone. HCI to pH 7.0 and 
evaporated to dryness. The residue was dissolved in ethanol (30 mL) and filtered, 

25 washed with ethanol. The ethanol was evaporated to dryness. The residue was dissolved 
in methylene chloride (20 mL) and dried over sodiimi sulfate. The methylene chloride 
solution was filtered and evaporated to give the desired product as an oil; yield 4.84 g 
(5.6%). 

3- (2-Phenyl-2-hydroxyethyl)-4,5-dimethyltbiazolium chloride: 

30 The neat mixture of 2-chloro-l-phenylethanol (2.34 g, 14.9 mmol) and 4,5- 

dimethylthiazole (1.69 g, 14.9 mmol) were heated with stirring at 135°C for 28 hrs. It 
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was cooled to room temperature and water (30 mL) was added to the reaction mixture 
with stirring, and then was extracted with ether (30 mL). The water layer was treated 
with actived carbon and evaporated to dryness. It was crystallized from a mixture of 
acetordtrile and ether to give a racemic product as prisms; 0.39 g (9.7%); mp. 201- 
5 203°C. 

EXAMPLE 2. S 3-(2-Phenyl-2-hydroxyethyl)-4,5-dimethylthiazoUum chloride: 
S (-) 2-chIoro-l-phenylethanoI. 

2-Chloroacetophenone (3 g., 19.4 mmol) was treated with (-) DlP-chloride (6.7 g., 20.9 
mmol) in anhydrous THF (20 mL) at dry-ice bath temperature and left overnight. The 

10 temperature was raised to room temperature and THF was removed in vacuo. The 

residue was dissolved in ether (100 mL). The diethanolamine (4.58 g., 42.6 mmol) was 
added and the mixture stirred at room temperature for 5 hrs. The separated solid was 
filtered and the filtered cake was washed with hexane (40 mL) and ether (30 mL). The 
combined filtrates were evaporated to dryness to give 6.36 g of crude product. This was 

1 5 purified by silica gel column chromatography using 1 % ether and petroleum ether 1 .71 g 
(56 %) of the desired product was obtained as an oil. 

S 3-(2-Phenyl-2-hydroxyethyl)-4,5-dimethylthiazoliiim chloride. 

The neat mixture of S (-) 2-chloro-l-phenylethanol (2.78 g., 17.8 mmol) and 4,5- 
dimethylthiazole (2 g., 17.7 mmol) were heated with stirring at 135*^0 for 25 hrs. It was 
20 cooled to room temperature and water (30 mL) was added to the reaction mixture with 
stirring. The solution was extracted with ether (30 mL). The ether extract was again 
extracted with water (30 mL). The combined water layer was evaporated to dryness and 
the residue was crystallized with a mixture of acetonitrile and methyl tert-butyl ether. 
Yield: 0.63 g. (7.7 %); mp. 189-190X; [afe^^ -51.765 ( Water, c = 1.7732). 

25 EXAMPLE 3. R(+) 3-(2-Phenyl-2-hydroxyethyl)-4,5-dimethylthiazolium chloride: 
R(+) 2-chloro-I-phenylethanoL 

2-Chloroacetophenone (6.25 g., 40.4 mmol) was treated with (+) DIP-chloride (18 g., 
56.1 mmol) in anhydrous THF (40 mL) at dry-ice bath temperature and left overnight. 
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The temperature was raised to room temperature and THF was removed in vacuo. The 
residue was dissolved in ether (210 mL). The diethanolamine (9 g., 8 5.6 mmol) was 
added and the mixture stirred at room temperature for 5 hrs. The separated solid was 
filtered and the filtered cake was washed with ether (150 mL). The combined filtrates 
5 were evaporated to dryness to give 15.53 g. of crude product. This was purified by silica 
gel column chromatography using 1 % ether and petroleum ether 4.32 g (68 %) of the 
desired product as an oil. 

R (+) 3-(2-Phenyl-2-hydroxyethyl)-455-dimethylthia2olium chloride. 

The neat mixture of R (+) 2-chIoro-I-phenylethanol (4.32 g., 27.6 mmol) and 4,5- 
10 dimethylthiazole (3.12 g, 27.6 mmol) were heated with stirring at 135°C for 25 hrs. It 
was cooled to room temperature and water (30 mL) was added to the reaction mixture 
with stirring. The solution was extracted with ether (30 mL), The ether extract was 
again extracted with water (30 mL). The combined water layer was evaporated to 
dryness and the residue was crystallized with a mixture of acetonitrile and methyl tert- 
butyl ether. Yield: 0.44 g. (5.4 %); mp. 187-189°C; [ab^^ +52.009 (Water, c = 1.7824). 

EXAMPLE 4. 3-[2-(2\ 3' or 4'-monohydroxyphenyl)-2-oxoethyI]-4,5- 
dimethylthiazolium bromide. 

2-Bromo-4'-hydroxyacetopheiione« 

Copper (II) bromide (6 g, 26.9 mmol) was suspended in ethyl acetate (50 mL) and 4'- 
hydroxyacetophenone (2 g, 14.7 mmol) dissolved in chlorofonn (20 mL) was added to 
the suspension. The reaction mixture was refluxed for 8 hrs. and filtered hot through 
celite pad. Tlie filtrate was evaporated to dryness to give the desired crude brown 
colored compound (mp=l 1 5-1 1 8^C; yield: 3.03 g, 96%). The NMR spectrum and TLC 
[silica gel, HexanesrEtOAc (1:1, v/v)] was in agreement with the desired product. It was 
used as such in the next step of the reaction without further purification. 

This method was used to prepare: 

(i) 2-Bromo-2'-hydroxyacetophenone firom 2 -hydroxyacetophenone and copper (II) 
bromide. Yield: 3.30 g. (95%; oil). 
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(ii) 2-Broino-3'-hydroxyacetophenone from 3'-hydroxyacetophenone and copper (II) 
bromide. Yield: 3.20 g. (92%; oil). 

3-[2-(4-HydroxyphenyI)-2-oxoethyI]-4,5-dimethyHhiazolium bromide. 

The neat nMxture of 2-bromo-4'-hydroxyacetophenone (3 g, 15 mmol) and 4,5- 
5 dimethylthiazole (1 .71 g, 1 5 mmol) was heated at 1 1 O^C for 3 hrs. It was dissolved in 
acetonitrile (15 mL) and cooled to room temperature. Tert-butyl methyl ether (5 mL) 
was added and the reaction mixture kept at room temperature overnight. The product 
crystallized was filtered, washed well with a mixture of acetonitrile and tert-butyl methyl 
ether (1:1, v/v) and dried. It was recrystalUzed from a mixture of acetonitrile, ethyl 
10 alcohol and tert-butyl methyl ether. Yield: 3.18 g (64%); mp. 245-247'=*C (dec). 
This method was used to prepare: 
(i) 3-[2-(2-Hydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazolium bromide from 2-bromo- 
2'-hydroxyacetophenone and 4,5-dimethylthiazole. Yield: 2.05 g. (38%), mp = 208- 
209^C. 

1 5 (ii) 3-[2-(3-Hydroxyphenyl)-2K)Xoethyl]-4,5-dimethylthiazolium bromide from 2-bromo- 
3'-hydroxyacetophenoneand4,5"dimethylthiazole. Yield: 1.52g. (47%), mp = 235- 
23TC. 

EXAMPLE 5. 3-(2-PhenyI-2-oxoethyl)-4-methyl-5--(hydroxymethyI)thiazolium 
20 chloride 

Thioformamide. 

To formamide (20 g, 443 mmol) dissolved in anhydrous THF (100 mL) was added 
phosphorous pentasulfide (P2S5) (20 g, 45 mmol) while maintaining the temperature at 
30-3 5°C. The mixture was stirred overnight at room temperature, filtered and stripped of 
25 THF. The crude product was suspended in ethyl acetate (40 mL) and cooled at -78°C 
overnight, filtered and dried in vacuo at room temperature to give thioformamide (10.6 g, 
39%). See Rynbrandt, R.H., Nishiaawa, E.E., Balogoyen, D.P., Mezdoza, A.K., Annis, 
K.A.;7. Med Ghent 1981, 24, 1507-1510. 
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4-Methyl-5-(ethoxycarbonyl)thiazole. 

Thioformamide (7.5 g, 122.72 mmol), ethyl 2-cMoroacetoacetate (16.4 g, 99.52 mmol) 
and magnesium carbonate (20 g, 237.22 mmoL) were taken dioxane (100 mL) and 
heated at 1 10°C for 4 his. The reaction mixture was cooled to room temperature and 
filtered to remove magnesium carbonate. The solvent was evaporated to dryness and the 
residue was taken in ether (200 mL) and washed successively with 0.5 M NaOH solution 
(200mL X 2) and saturated brine solution (100 mL) and dried over Na2S04. It was 
filtered and evaporated to give 4-methyl-5-(ethoxycarbonyI)thiazole as an oil which was 
purified by silica gel column chromatography using hexanes:EtOAc (8:2, v/v) as a 
eluent; yield: 3.28 g (17%). 

4- Methyl-5-(hydroxymethyl)thiazole. 

A 250-mL, three necked round-bottomed flask fitted with a 1 00-mL dropping fimnel, a 
nitrogen-inlet tube, and a reflux condenser was added lithium aluminum hydride (1 g, 
26.35 mmol) and anhydrous ether (50mL). To the dropping fimnel was added 4-methyl- 

5- (ethoxycarbonyl)-thiazoie (3 g, 17.3 mmol) and anhydrous ether (25 mL). While the 
suspension of lithium aluminum hydride was gently stirred under a nitrogen atmosphere, 
the solution of 4-methyl-5-(ethoxycarbonyl)thiazole was added dropwise at a rate 
maintaining a gentle reflux. When the addition was complete, the mixture was heated at 
reflux for 4 hrs. After the mixture had returned to room temperature, anhydrous ether 
(100 mL) was added. The gray reaction mixture was hydrolyzed by addition, in small 
parts, of a sufficient amount of wet sodium sulfate. The reaction mixture was filtered 
through a sintered-glass funnel. The organic layer separated and dried over Na2S04. It 
was filtered and evaporated to give desired compound as an oil; yield: 590 mg (26%). 

3-(2-Phenyl-2-oxoethyI)-4-methyl-5-(hydroxymethyl)thiazolium chloride. 

The neat reaction of 4-methyl-5-(hydroxymethyl)thiazole (590 mg, 4.57 mmol) and 2- 
chloroacetophenone (710 mg, 4.59 mmol) was heated at 110°C. The mixture solidified 
within 15 minutes. Acetonitrile (10 mL) was added and the mixture refluxed for another 
3 hrs. It was cooled to room temperature and tert-butyl methyl ether (5 mL) was added 
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and the reaction mixture was left overnight at room temperature* The product 
crystallized was filtered and washed well with a mixture of hexanes: EtOAc (1:1, v/v) 
and dried. It was recrystallized firom a mixture of actonitrile/efhanol/ tert-butyl methyl 
ether; yield 130 mg (10%); mp.240-242°C (dec). 

5 

EXAMPLE 6, 3-[2-(Disubstituted-dihydrooxyphenyl)-2-oxoethyl]-4,5- 
dimethylthiazolium bromide. 

2- Bromo-2*,4*-dihydroxyacetophenone. 

Copper (II) bromide (6 g, 26.9 mmol) was suspended in ethyl acetate (50 mL) and 2^4 - 
10 dihyroxyacetophenone (2 g, 13.1 mmol) dissolved in chloroform (20 mL) was added to 
the suspension. The reaction mixture was refluxed for 8 hrs. and filtered hot through 
celite pad. The filtrate was evaporated to dryness to give crude oil (3.0 g, 96%). The 
NMR spectrum and TLC [silica gel, HexanesrEtOAc (1:1, v/v)] was in agreement with 
the desired product. It was used as such in the next step of the reaction without further 
15 purification. 

This method was used to prepare: 

(i) 2-Bromo-3',5*-dihydroxyacetophenone firom 3',5'-dihydroxyacetophenone and copper 
(II) bromide. 

(ii) 2-Bromo-2',5'-dihydroxyacetophenone fi'om 2',5*-dihydroxyacetophenone and copper 
20 (II) bromide. Yield: 2.99g; 99% 

3- [2-(2y4-DihydroxyphenyI)-2-oxoethyl]-4y5-dimethylthiazoUum bromide. 

The neat mbcture of 2"bromo-2',4'-<lihydroxyacetophenone (3 g, 13 mmol) and 4,5- 
dimethylthiazole (1.71 g, 13.3 mmol) was heated at 1 10°C for 3 hrs. It was dissolved in 
25 acetonitrile (1 5 mL) and cooled to room temperature. Tert-butyl methyl ether (5 mL) 
was added and the reaction mixture kept at room temperature overnight The product 
crystallized was filtered, washed well with a mixtture of acetonitrile and tert-butyl methyl 
ether (1:1, vA^) and dried. It was recxrystallized from a mixture of methanol and a few 
drops of water. Yield: 2.5 g (50%); mp. 257-260^C (dec). 
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This method was used to prepare: 

(i) 3-[2-(3,5-Dihydroxyphenyl)-2-oxoethyl3-4,5-diinethylthiazolium bromide in 55% 
yield jfrom 2-bromo-3',5'-dihydroxyacetophenone and 4,5-dimethylthiazole; mp. 257- 

5 258°C. Yield: 2.05 g (21%). 

(ii) 3-[2-(2,5-Dihydroxyphenyl)-2-oxoethyI]-4,5-dimethylthia2x>lium bromide in 57% 
yield from 2-bromo-2,5-dihydroxyacetophenone and 4,5-dimethylthiazole; mp.231- 
232°C. Yield: 4.03 g (52%). 

(iii) 3-[2-(3,4-Dihydroxyphenyl)-2-oxoethyl]-4,5-dimethylthiazolium chloride in 60% 
10 yield from commercially available 2-chloro-3',4'-dihydroxyacetophenone and 4,5- 

dimethyllhiazole; mp. 260-263''C (dec); yield: 3.9 g (48%). 

EXAMPLE 7. Preparation of l-methyl-3-(cyanomethyl)imidazolium bromide 



15 A mixture of 1-methylimidazole (1 g, 12.2 mmol) and bromoacetonitrile (1 .46 g, 12.2 
mmol) were combined and stirred. An exothermic reaction was produced and the 
product precipitated from the reaction mixture. After cooling the reaction mixture is 
allowed to cool to room temperature acetonitrile (CH3CN) (2 mL) is added. The crude 
product is recovered by filtration and washed with additional CH3CN. The crude 

20 product is dissolved in H2O, treated with decolorizing carbon and evaporated in vacuo to 
dryness. The product is fiirther purified by recrystallization from a mixture of ethanol 
EtOH, CH3CN and diethyl ether to yield l-methyl-3-(2-cyanomethylene)-imidazoliimi 
bromide as a white crystalline solid: mp 165-167 °C. 

25 Example 8. Preparation of 3-(cyanomethyl)-4,5-dimethylthia2olium bromide 




CHS 




CN 



A mixture of 4,5-dimethylthiazole and bromoacetonitrile were heated with 
stirring at 95 °C for 1 hour. The product precipitated from the mixture within 30 
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5 



minutes. Alter cooling to room temperature, the product a solution of 30% vA^ of diethyl 
ether: CH3CN (10 mL) was added with stirring. The crude product was recovered by 
filtration, and recrystallized firom a mixture of EtOH and CH3CN to yield 2.136 g of 3- 
(cyanomethyl)-4,5-dimethyIthiazolium bromide as needles: mp 184-186 ^'C (dec). 

Example 9. Preparation of 3-(cyanomethyl)-4,5-cyclohexenothiazolium bromide 



A mixture of thioformamide (0.8 g), 2-chlorocyclohexan-l-one (1.73 g), MgCOs 
(1 .5 g) was refluxed in dioxane (12 mL) for 30 h. The reaction mixture was evaporated 
in vacuo, and the concentrated poured into diethyl ether (30 mL). The resulting ethereal 
solution was washed with 1% NaOH solution (3x15 mL). The combined NaOH 
solution was back extracted with diethyl ether. The ether layers were combined, washed 
with saturated NaCl soution until neutral, and then dried over Na2S04. The ethereal 
solution was evaporated m vacuo to afford 1 .02 g of 4,5-cyclohexenothiazole. 

A mixture of 4,5-cyclohexenothia2ole (1 g, 7.2 mmol) and bromoacetpnitrile 
(0.863 g, 7.2 nunol) were heated at 120 ^'C for 1 h. After cooling the reaction mixture 
was treated with a solution of 30% diethyl ether in CH3CN (10 mL). The product was 
recovered by filtration and washed with additional 30% diethyl ether in CHaO^. The 
product was recrystallized from a mixture of EtOH and CH3CN to yield 0.752 g of 3- 
(cyanomethyl)-4,5-cyclohexenothiazolium bromide as a crystalline solid: mp 21 5-217 
(dec). 

The preparation of 3-(2-cyanomethyl)-4,5-cyclopentenothiazolium bromide from 
2-chlorocyclopentan-l-one is conducted as in the above procedure. 

Example 10. Preparation of 3-[2-(l-pyrrolidinyl)-2-oxoethyl]-l,2-dimethylimidazolium 
chloride 

N-(chloroacetyI)pyrrolidine 

Pynolidine (63.9 g, 0.9 mole) was taken up in CH2CI2 (640 mL) and cooled to 0 
^^C in a salt-ice water bath. To the stirred mixture was added chloroacefyl chloride 
(101.8 g in 450 mL of CH2CI2, 0.9 mole) dropwise maintaining the internal temperature 



r 



CN 
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below 15 °C. After adding the chloroacetyl chloride, the mixture was stirred for one 
hour at 5 ^C. Sodium hydroxide solution (7 M, 1 90 mL) was added with vigorous 
stirring such that the inside temperature did not exceed 20 °C. The mixture was stirred 
for 15 minutes and the aqueous layer was separated. The organic layer was washed with 
5 saturated sodium bicarbonate solution (2 x 200 mL), water (1 x 200 mL) and dried over 
anhydrous sodium sulfate. The solvent was removed in vacuo and the residue was 
recrystallized from hexane to give 64.5 g (48.6% yield) of white plate crystals; mp 43 
°C. 

1 0 3-[2-(l-pyrrolidinyI)-2-oxoethyl]-l^-dimethylimidazolium chloride 

A mixture of N-(chloroacetyl)pyrrolidme (2.0 g» 13.55 mmol) and 1,2-dimethylimidazole 
(1 .3 g, 13.5 mmol) were heated neat at 1 10 for 3 hours. To the reaction mixture was 
added acetonitrile (5 mL), and heating was continued for 20 minutes. Tert-butyl 
methylether (10 mL) was added, and the resulting mixture was allowed to stand at room 
1 5 temperature overnight. The product was recovered by filtration, and washed with a 
mixture of tert-butyl methyl ether and acetonitrile (7:3 v/v, 50 mL). The crude product 
was recrystallized from a mixture of acetonitrile and tert-butyl methyl ether to obtain 
1.23 g (41%) of a white solid; mp 191-193°C. 

20 Example 11. Preparation of l-butyl-3-aminoimidazolium mesitylene sulfonate 

An ice-cold solution of 1-butylimidazole (7.0 g, 16.30 mmol) in anhydrous 
CH2CI2 (35 mL) was treated dropwise with a solution of 0-mesitylene 
sulfonylhydroxylamine (17.8 g, 16.50 mmol) in CH2CI2 (70 mL). After stkring for 6 
hours in the ice-bath, ether (210 mL) was added with stirring over the course of 1 hour. 

25 The resultuig mixture was allowed to stand at -16 °C overnight The product was 

recovered by filtration, and washed with a mixture of CH2CI2: ether (3:1 v/v) to yield a 
white amorphous powder; 16.70 g. The crude product was recrystallized from a mixture 
of CH2CI2 (80 mL) and ether (80 mL) to give 12.40 g; mp 71-73 

30 Definition 

Heterocycle. Except where heteroaryl is separately recited for the same substituent, the 
term "heterocycle" includes heteroaryl. 
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All publications and references, includiag but not limited to patents and patent 
applications, cited in this specification are herein incorporated by reference in their 
entirety as if each individual publication or reference were specifically and individually ' 
5 indicated to be incorporated by reference herein as being fully set forth. Any patent 
application to which this application claims priority is also incorporated by reference 
herein in its entirety in the manner described above for publications and references. 

While this invention has been described with an emphasis upon preferred 
embodiments, it will be obvious to those of ordinary skill in the art that variations in the 
10 preferred devices and methods may be used and that it is intended that the iavention may 
be practiced otherwise than as specifically described herein. Accordingly, this invention 
includes aU modifications encompassed within the spirit and scope of the invention as 
defined by the claims that follow. 
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1 ■ A methiod of treating or ameliorating an indication of the invention in an animal, 
including a human, comprising administering an effective amount of (A) a compound of 
5 the formula I: 




wherein 
a. and are 

10 1. independently selected from hydrogen, acylamino, acyloxyalkyl, alkanoyl, 
alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, 
alkylanaino, (CrC3)alkylenedioxy, allyl, amino, ©-alkylenesulfonic acid, 
carbamoyl, carboxy, carboxyalkyl, cycloalkyl, dialkylamino, halo, hydroxy, (C2- 
C6)hydroxyalkyl, mercapto, nitro, sulfamoyl, sulfonic acid, alkylsulfonyl, 
1 5 alkylsulfiny 1, alky Ithio, trifluoromethyl, azetidin- 1 -yl, morpholin-4-yl, 

thiomorpholin-4-yl, piperidin-l-yl, 4-[C6 or Cio]arylpiperidin-l-yl, 4-[C6 or 
Cio]arylpiperazin-l-yl, Ar {wherein, consistent with the rules of aromaticity, Ar 
is Ce or Cio aryl or a 5- or 6-membered heteroaryl ring, wherein 6-membered 
heteroaryl ring contains one to three atoms of N, and the 5-membered heteroaryl 
ring contains from one to three atoms of N or one atom of O or S and zero to two 
atoms of N, each heteroaryl ring can be fused to a benzene, pyridine, pyrimidine, 
pyridazine, pyrazine, or (l,2,3)tria2ine (wherein the ring fusion is at a carbon- 
carbon double bond of Ar)}, Ar-alkyl, Ar-0, ArS02-, ArSO-, ArS-, ArS02NH-, 
ArNH, (N-Ar)(N-alkyl)N-, ArC(O)., ArC(0)NH-, ArNH-C(O)-, and (N-Ar)(N- 
alkyl)N-C(O)-, or together Ri and R2 comprise methylenedioxy; or 
2. together with their ring carbons form a C6- or Ckt aromatic fused ring system; or 
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3. together with their ring carbons form a C5-C7 fiised cycloalkyi ring having up to 

two double bonds including the fused double bond of the -oliuxn or -onium 
containing ring, which cycloalkyi ring can be substituted by one or more of the 
group consisting of alkyl, alkoxycarbonyl, amino, aminocarbonyl, carboxy, 
5 fluoro, or 0x0 substituents; or 

4. together with their ring carbons form a 5- or 6-membered heteroaryl ring, wherein 

the 6-membered heteroaryl ring contains one to three atoms of N, and the 5- 
membered heteroaryl ring contains from one to three atoms of N or one atom of 
O or S and zero to two atoms of N, each heteroaryl ring may be optionally 
10 substituted with one or more l-pyrrolidinyl-, 4-[Ce or Cio]arylpiperazin-l-yl, 

4-[C6 or Cio]arylpiperidin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4- 
yl, piperidin-l-yl, halo or (Ci-C3)alkylenedioxy groups; or 

5. together with their ring carbons form a five to eight membered heterocycle, 

wherein the heterocycle consists of ring atoms selected firom the group consisting 
15 of carbon, nitrogen, and S(0)n, where n=0, 1 , or 2; 

b.Zis 

1. hydrogen, alkyl, Ar — CH2; 

2. a group of the formula -NR'R'*, wherein and R'* may be independently 

hydrogen, alkyl, Ar, or Ar — alkyl-; 
20 3. a group of the formula -CH(OR^ ^)R^^, wherein R^ ^ is hydrogen, methyl, ethyl or 
CH3C(0)s and R^^ is [Ci to C6]alkyl, Ar, or CC^R^^ wherein R^^ is hydrogen 
methyl or ethyl; 

4. a group of the formula -C(C02R*^)(0R^^)R^^ 

5. a group of the formula -CHiWAr, wherein W is -(C=0)- or -S(0)n- where n=l or 
25 2; or 

6. a group of the formula -CH2C=C-R^'^, wherein R^"^ is (Ci-C6)alkyl; 
cYis 

1. amino, or 

2. a group of the formula -CH(R^)-R^ wherein 

30 (a) R^ is hydrogen, alkyl-, cycloalkyi-, alkenyl-, alkynyl-, aminoalkyl-, 

dialkylaminoalkyl-, (N-[C6 or Cio]aryl)(N-alkyl)aminoalkyl*, piperidin-1- 
ylalkyl-, l-pyrrolidinylalkyl, azetidinylalkyl, 4-aIkylpiperazin-l-ylalkyl, 4- 
alkylpiperidin-l-ylalkyl, 4-[C6 or Cio]arylpiperazin-l-ylalkyl, 4-[C6 or 
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Cio]aryIpiperidin-l-yIalkyI, azetidin-l-ylalkyl, morphoIin-4-ylalkyl, 
thiomorpholin-4-ylalkyl, piperidin-l-ylalkyl, [Ce or Ciojaryl, or 
independently the same as 
(b)R^is 

5 (1) hydrogen, alkyl (which can be substituted by alkoxycarbonyl), alkenyl, 

alkynyl, cyano- or Rs, wherein Rs is a Ce or Cio aryl or a heterocycle 
containing 4-10 ring atoms of which 1-3 are heteroatoms selected from 
the group consisting of oxygen, nitrogen and sulfur; or 

(2) a group of the formula -W-R^, wherein R^ is alkyl, alkoxy, hydroxy or 
1 0 Rs, wherein W is -C(=0)- or -S(0)n- where n=l or 2; 

(3) a group of the formula -W-OR^ wherein R* is hydrogen or alkyl, 

(4) a group of the formula -CH(OH)Rs; or 

(5) a group of the formula -W-N(R^)R'^ wherein 

[a] R^ is hydrogen and R^** is an alkyl or cycloalkyl, optionally substituted 
15 by 

(i) [Cs or Cio]aryl, or 

(ii) a 5- or 6-membered heteroaryl ring, wherein the 6-membered 
heteroaryl ring contains one to three atoms of N, and the 5- 
membered heteroaryl ring contains from one to three atoms of N 

20 or one atom of O or S and zero to two atoms of N, said.heteroaryl 

ring can be optionally substituted with one or more l-pyrrolidinyl, 
4-[C6 or Cio]arylpipera2in-l-yl, 4-[C6 or Cio]arylpiperidin-l-yl, 
azetidin-l-yl, and morpholin-4-yl, thiomorpholin-4-yl, piperidin- 
1-yl, halo or (CrC3)alkylenedioxy groups, or fused to a 

25 substituted phenyl or pyridine ring, wherein the ring fiision is at a 

carbon-carbon double bond of the heteroaryl ring, or 

(iii) a heterocycle containing 4-10 ring atoms of which 1-3 are 
heteroatoms selected from the group consisting of oxygen, 
nitrogen and sulftir; or 

30 [b] R^ is hydrogen or lower alkyl and R'*^ is Ar; or 

[c] R^ is hydrogen or lower alkyl, and R^*^ is a heterocycle containing 4-10 
ring atoms of which 1-3 are heteroatoms are selected from the group 
consisting of oxygen, nitrogen and sulfiir, said heterocycle; or 
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[d] and R^® are both alkyl groups; or 

[e] R^ and R*® together with N form a heterocycle containing 4-10 ring 
atoms which can iiicorporate up to one additional heteroatom selected 
from the group of N, O or S in the ring, wherein the heterocycle is 

5 optionally substituted with (Ce-or Cio)aryl, (Ce-or Cio)arylalkyl, or a 

5- or 6-membered heteroaryl ring, wherein the 6-membered heteroaryl 
ring contains one to three atoms of N, and the 5-membered heteroaryl 
ring contains from one to three atoms of N or one atom of O or S and 
zero to two atoms of N, each such heteroaryl can be optionally 
10 substituted with one or more l-pyrrolidinyl, 4-[Cs or 

Cio]arylpiperazin-l-yl, 4-[C6 or Cio]aryIpiperidin-l-yl, azetidin-l-yl, 
morpholin-4-yl, thiomorpholin-4-yl, piperidin-l-yl, halo or (Ci- 
C3)alkylenedioxy; or 

[f] R^ and R^^ are both hydrogen; or 
15 d.QisN,OorS; 

e. M is absent when Q is O or S; 

f. M is alkyl, vinyl or allyl, or independently the same as Y; and 

g. X is a pharmaceutically acceptable anion, or 

(B) a pharmaceutically acceptable salt of the compound, 

20 wherein aryl or Ar can be substituted with, in addition to any substitutions specifically 
noted, one or more substituents selected from the group consisting of acylamino, 
acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, 
alkoxycarbonylalkyl, alkyl, alkylamino, (Ci-C3)alkylenedioxy, alkylsulfonyl, 
alkylsulfinyl, co-alkylenesulfonic acid, alkylthio, allyl, amino, ArC(O)-, 

25 ArC(0)NH-, ArO-, Ar-, Ar-alkyl-, carboxy, carboxyalkyl, cycloalkyl, 

dialkylamino, halo, trifluoromethyl, hydroxy, (C2-C6)hydroxyalkyl, mercapto, 
nitro, sulfamoyl, sulfonic acid, 1-pyrrolidinyl, 4-[C6 or Cio]arylpiperazin-l-yl-, 4- 
[C6 or Cio]arylpiperidin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4-yl, 
piperidin-l-yl; and 

30 wherein heterocycles, except those of Ar, can be substituted with, in addition to any 
substitutions specifically noted, acylamino, alkanoyl, alkoxy, alkoxycarbonyl, 
alkoxycarbonylalkyl, alkyl, alkylamino, alkylsulfonyl, alkylsulfinyl, alkylthio, 
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amino, ArC(O)-, ArO-, Ar-, carboxy, dialkylamino, fluoro, fluoroalkyl, 
difluoroalkyl, hydroxy, mercapto, sulfamoyl, or trifluoromethyl. 

2. The method of claim 1, comprising administering an effective amount of a 
5 compound of formula I, wherein Y is according to formula -CH(R^)R^. 

3. The method of claim 2, comprising administering an effective amount of a 
compound of formula I, wherein Y is according to formula -CH(R^)-W-R^. 

10 4. The method of claim 2, comprising administering an effective amount of a 
compound of formula I, wherein Y is according to formula -CH(R^)-W-Rs. 

5. The method of Claim 1 , comprising administering an effective amoimt of a 
compound of formula I, wherein and R^ together with their ring carbons form a Ce- or 
1 5 Cio- aromatic fused ring which can be substituted by one or more halo, amino, alky I, 
sulfonic acid, alkylsulfonyl or CD-alkylenesulfonic acid groups, or a C1-C3 alkylenedioxy 
group with the proviso that when Q is nitrogen R^ and R^ do not form a Cs fused 
aromatic ring. 

20 6. The method of Claim 1 , comprising administering an effective amount of a 
compound of the compound of formula I, wherein Q is S, and Y and Z are both -NH2. 

7. The method of Claim 1, comprising administering an effective amount of a 
compound of formula I, wherein 
25 a. R^ and R^ are 

1. independently selected from hydrogen, acylamino, acyloxyalkyl, alkanoyl, 

alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, (Cp 
C3)alkylenedioxy, allyl, co-alkylenesulfonic acid, carbamoyl, carboxy, 
carboxyalkyl, cycloalkyl, halo, hydroxy, (C2-C6)hydroxyalkyl, mercapto, nitro, 
30 sulfamoyl, sulfonic acid, alkylsulfonyl, alkylsulfinyl, alkylthio, trifluoromethyl. 

At {wherein, consistent with the rules of aromaticity, Ar is Ce or Cio aryl or a 5- 
or 6-membered heteroaryl ring, wherein 6-membered heteroaryl ring contains one 
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to three atoms of N, and the 5-membered heteroajyl ring contains from one to 
three atoms of N or one atom of 0 or S and zero to two atoms of N, each 
heteroaryl ring can be fused to a benzene, pyrimidine, pyridazine, pyrazine, or 
(l,2,3)triazine (wherein the ring fusion is at a carbon-carbon double bond of 
5 Ar)}, Ar-^alkyl, Ar-0, ArSOa-, ArSO-, ArS-, ArSOiNH-, ArNH, (N-Ar)(N- 

alkyl)N-, ArC(O)-, ArC(0)NH-, ArNH-C(O)-, and (N-Ar)(N-al]cyl)N-C(0)-; or 

2. together with their ring carbons form a Ce- or do- aromatic fused ring system; or 

3. together with their ring carbons form a C5-C7 fused cycioalkyl ring having up to 

two double bonds including the fused double bond of the --olium or -onium 
1 0 containing ring, which cycioalkyl ring can be substituted by one or more of the 

group consisting of alkyl, alkoxycarbonyl, aminocarbonyl, carboxy, fluoro, or 
0x0 substituents; or 

4. together with their ring carbons form a 5- or 6-membered heteroaryl rii^, wherein 

the 6-membered heteroaryl ring contains one to three atoms of N, and the 5- 
1 5 membered heteroaryl ring contains from one to three atoms of N or one atom of 

O or S and zero to two atoms of N, each heteroaryl ring may be optionally 
substituted with one or more halo or (CrC3)alkylenedioxy groups; or 

5. together with their ring carbons form a five to eight membered heterocycle, 

herein the heterocycle consists of ring atoms selected from the group consisting 
20 of carbon, nitrogen, and S(0)n, where n=0, 1, or 2; 

b. Zis 

1. hydrogen, alkyl, Ar — CH2; 

2- a group of the formula -NR^R^ wherein and R"* may be independently 
hydrogen, alkyl, Ar, or Ar — ^alkyl-; 
25 3. a group of the formula -CH(OR*^)R^^, wherein R^^ is hydrogen, methyl, ethyl or 
CH3C(0)-; and R^^ is [Ci to Cejalkyl, Ar, or COiR^^ wherein R^^ is hydrogen 
methyl or ethyl; 

4. a group of the formula -C(C02R^^)(0R^^)R^^ 

5. a group of the formula -CHaWAr, wherein W is -(C=0)- or -S(0)n- where n=l or 
30 2; or 

6. a group of the formula -CH2ChC-R*\ wherein R^"^ is (CrC6)alkyl; 

c. Yis 

1. amino, or 
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2. a group of the fonnula -CH(R^)-R^ wherein 

(a) is hydrogen or alkyl; 

(b) R^is 

(1) hydrogen, alkyl (which can be substituted by alkoxycarbonyl), alkenyl, 
5 alkynyl, cyano- or Rs, wherein Rs is a or Cio aryl or a heterocycle 

containing 4-10 ring atoms of which 1-3 are heteroatoms selected from 
the group consisting of oxygen, nitrogen and sulfiir; or 

(2) a group of the formula -W-R^, wherein R^ is alkyl, alkoxy, hydroxy or 
Rs, wherein W is -C(=0)- or -S(0)n~ where n=l or 2; 

10 (3) a group of the fonnula -W-OR^ wherein R^ is hydrogen or alkyl, 

(4) a group of the formula -CH(OH)Rs; or 

(5) a group of the fonnula -W-N(R^R'^ wherein 

[a] R^ is hydrogen and R^** is an alkyl or cycloalkyl, optionally substituted 
by 

15 (i)[C6orCio]aryl, or 

(ii) a 5- or 6-membered heteroaryl ring, wherein the 6-membered 
heteroaryl ring contains one to three atoms of N, and the 5- 
membered heteroaryl ring contains from one to three atoms of N 
or one atom of 0 or S and zero to two atoms of N, said heteroaryl 

20 ring can be optionally substituted with one or more halo or (Ci- 

C3)alkylenedioxy groups, or fused to a substituted phenyl, or 

(iii) a heterocycle containing 4-10 ring atoms of which 1-3 are 
heteroatoms selected from the group consisting of oxygen, 
nitrogen and sulfur; or 

25 [b] R^ is hydrogen or lower alkyl and R^^ is Ar; or 

[c] R^ is hydrogen or lower alkyl, and R*^ is a heterocycle containing 4-10 
ring atoms of which 1-3 are heteroatoms are selected from the group 
consisting of oxygen, nitrogen and sulftir, said heterocycle; or 

[d] R^ and R^^ are both alkyl groups; or 

30 [e] R^ and R^*^ together with N form a heterocycle containing 4-10 ring 

atoms which can incorporate up to one additional heteroatom selected 
from the group of N, O or S in the ring, wherein the heterocycle is 
optionally substituted with (Ce-or Cio)aryl, (Ce-or Cio)arylalkyl, or a 
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5- or 6-inembered heteroaryl ring, wherein the 6-membered heteroaryl 
ring contains one to three atoms of N, and the 5-membered heteroaryl 
ring contains from one to three atoms of N or one atom of O or S and 
zero to two atoms of each such heteroaryl can be optionally 
5 substituted with one or more halo or (Ci-C3)alkylenedioxy; or 

[f] and are both hydrogen; or 

d. QisN, OorS; 

e. M is absent when Q is O or S; 

t M is alkyl, vinyl or allyl, or independently the same as Y; and 
10 g. X is a pharmaceutically acceptable anion, or 

(B) a pharmaceutically acceptable salt of the compound, 

wherein aryl or Ar can be substituted with, in addition to any substitutions specifically 
noted, one or more substituents selected from the group consisting of acylamino, 
acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, 

1 5 alkoxycarbonylalkyl, alkyl, (Ci-C3)alkylenedioxy, alkylsulfonyl, alkylsulfinyl, 

©-alkylenesulfonic acid, alkylthio, allyl, ArC(O)-, ArC(0)NH-, ArO-, Ar-, Ar- 
alkyl-, carboxy, carboxyaUcyl, cycloalkyl, halo, trifluoromethyl, hydroxy, (C2- 
C6)hydroxyalkyl, mercapto, nitro, sulfemoyl, sulfonic acid; and 
wherein heterocycles, except those of Ar, can be substituted with, in addition to any 

20 substitutions specifically noted, acylamino, alkanoyl, alkoxy, alkoxycarbonyl, 

alkoxycarbonylalkyl, alkyl, alkylsulfonyl, alkylsulfinyl, alkylthio, ArC(O)-, 
ArO-, At-, carboxy, fluoro, fluoroalkyl, difluoroalkyl, hydroxy, mercapto, 
sulfamoyl, or trifluoromethyl. 

25 8. The method of claim 7, comprising adncdnistering an effective amount of a 
compound of formula I, wherein Y is according to formula -CH(R^)R^. 

9. The method of claim 8, comprising administering an effective amount of a 
compound of formula I, wherein Y is according to formula -CH(R^)-W-R^. 

30 

10. The method of claim 8, comprising administering an effective amount of a 
compound of formula I, wherein Y is according to formula -CH(RVW-Rs. 
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1 1 . The method of Claim 7, comprising administering an effective amoimt of a 
compound of the compound of formula I, wherein Q is S, Y and Z are both -NH2. 
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